(19) 



(12) 



Europaiscnesi'atentamt 
European Patent Office 
Office europeen des brevets 



Will 

(11) EP 1 359142 A1 




EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

05.1 1 .2003 Bulletin 2003/45 

(21) Application number: 02711282.0 

(22) Date of filing: 01 .02.2002 



(51) Intel 7 : C07C 311/24, C07C 303/36, 
C07F7/12, C08F 214/26, 
C08F 216/14, H01M8/02 

(86) International application number: 
PCT/JP02/00854 

(87) International publication number: 

WO 02/062749 (15.08.2002 Gazette 2002/33) 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MCNLPTSETR 
Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 01.02.2001 JP 2001025018 

07.02.2001 JP 2001030955 

13.09.2001 JP 2001278418 

07.11.2001 JP 2001342172 

08.11.2001 JP 2001343780 

08.11.2001 JP 2001343931 

(71) Applicant: Asahi Kasei Kabushikl Kaisha 
Osaka-shi, Osaka 530-8205 (JP) 



(72) Inventors: 

• IKEDA, Masanori 

Fujl-shl, Shizuoka 417-0801 (JP) 

• HOSHI.Nobuto 

Fuji-shi, Shizuoka 416-0939 (JP) 

• UEMATSU, Nobuyuki 
Fuji-shi, Shizuoka 416-0939 (JP) 

• KOGA, Takehiro 

Fuji-shi, Shizuoka 416-0939 (JP) 

(74) Representative: Strehl SchUbel-Hopf & Partner 
Maximilianstrasse 54 
80538 MQnchen (DE) 



CM 
CO 



(54) PERFLUOROVINYL ETHER MONOMER HAVING SULFONAMIDE GROUP 

(57) A perfluorovinyl ether monomer represented by the following formula (1 ): 

CF 2 =CF-(OCF 2 CF) m O(CF 2 ) n S0 2 NR 1 R 2 

CF 3 



wherein: m is an integer of from 0 to 5; n is an integer of from 1 to 5; and each of R 1 and R 2 independently represents 
a hydrogen atom, an unsubstituted or substituted C r C 10 hydrocarbon group, or a substituted silyl group, with the 
proviso that, when each of R 1 and R 2 is independently the hydrocarbon group or the substituted silyl group, R 1 and 
R 2 are optionally bonded together, thereby forming a ring. Also disclosed are a method for producing the perfluorovinyl 
ether monomer; a fluorinated polymer obtained from the monomer and a method for producing the same; a polymer 
film obtained from the polymer; a modified or crosslinked polymer film obtained from the polymer film; and a solid 
polymer electrolyte membrane obtained from the modified or crosslinked polymer film. 
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[0001] The present Invention relates to a perfluorovinyl ether monomer. More particularly, the present invention is 
concerned with a perfluorovinyl ether monomer represented by the following formula (1): 



eF 2 =CF-(OCF 2 CF) m 0(CF 2 ) n SO 2 NR 1 R 2 (i) 

CF 3 



wherein: 



m is an integer of from 0 to 5; 
n is an integer of from 1 to 5; and 

each of R 1 and R 2 independently represents a hydrogen atom; a C r C 10 hydrocarbon group which is unsubstituted 
or substituted with at least one substituent selected from the group consisting of a halogen atom, a hydroxyl group, 
an amino group, an alkoxy group, a carbonyl group, an ester group, an acid amido group, a sulfonyl group and an 
ethergroup, wherein the substituted C r C 10 hydrocarbon group has up to 15 carbon atoms in total; or a substituted 
silyl group containing as a substituent at least one C r C 10 hydrocarbon group so as to have up to 1 0 carbon atoms 
in total, with the proviso that, when each of R 1 and R 2 is independently the unsubstituted or substituted C r C 10 
hydrocarbon group or the substituted silyl group, R1 and R 2 are optionally bonded together to form a divalent group, 
thereby forming a saturated or unsaturated nitrogen-containing heterocyclic ring in cooperation with a nitrogen 
atom which is bonded to R 1 and R 2 . 

[0002] The perfluorovinyl ether monomer of the present invention can be used for producing a fluorinated polymer 
which exhibits excellent properties. The fluorinated polymer can be used in various fields; for example, the fluorinated 
polymer can be advantageously used as a raw material for producing a solid polymer electrolyte. The solid polymer 
electrolyte obtained from the perfluorovinyl ether monomer of the present invention exhibits not only excellent durability, 
but also excellent heat resistance and high proton conductivity, and, hence, the solid polymer electrolyte can be ad- 
vantageously used in a fuel cell. 

[0003] The present invention is also concerned with: a method for producing -the above-mentioned perfluorovinyl 
ether monomer; a fluorinated polymer obtained from the perfluorovinyl ether monomer and a method for producing the 
fluorinated polymer; a polymer film obtained from the above-mentioned fluorinated polymer; a modified or crosslinked 
polymer film obtained from the above-mentioned polymer film; and a solid polymer electrolyte membrane obtained 
from the above-mentioned modified or crosslinked polymer film. 



45 Prior Art 



[0004] Fluororesins are used in various fields. In recent years, the use of a f luororesin as a material for use in a fuel 
cell is attracting attention, 

[0005] In recent years, the studies for putting fuel cells to practical use have been becoming active. Especially, a 
fuel cell which uses a solid polymer electrolyte membrane is attracting attention because such fuel cell is advantageous 
not only in that it can be reduced in size and weight, but also in that high power density can be obtained at a relatively 
low temperature. The fuel cell using a solid polymer electrolyte membrane is now being developed especially for use 
in the fields relating to automobiles. 

[0006] A polymer used as a raw material for producing such a solid polymer electrolyte membrane is required to 
exhibit an excellent proton conductivity, an appropriate water regain and a high gas barrier property against hydrogen, 
oxygen and the like. In order to obtain a material which satisfies the above-mentioned requirements, studies have been 
made on various polymers having a sulfonic acid group or a phosphonic acid group in the main chain or at the terminals 
of the side chain thereof, and various materials have been proposed (see, for example, O. Savadogo, Journal of New 
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Materials for Electrochemical Systems I, 47-66 (1998) (Canada)). 

[0007] When a fuel cell using a solid polymer electrolyte membrane is operated, active oxygen species are generated 
at an electrode positioned near the solid polymer electrolyte membrane, and thus, the solid polymer electrolyte mem- 
brane is exposed to stringent oxidative conditions. Therefore, for stably operating such a fuel cell for a long period of 
5 time, it is necessary that the solid polymer electrolyte membrane used in the fuel cell be made of a material which 
exhibits excellent durability under oxidative conditions. 

[0008] Many of the materials which have heretofore been proposed as a raw material for producing a solid polymer 
• electrolyte membrane are hydrocarbon materials. Hydrocarbon materials do not have a satisfactory durability under 
the above-mentioned oxidative conditions. Therefore, although a fuel cell which uses a solid polymer electrolyte mem- 

io brane made of a hydrocarbon material generally exhibits excellent properties in the early stage of the operation, it has 
frequently been pointed out that the performance of such fuel cell is likely to become poor when the fuel cell is operated 
for a long period of time. For this reason, at present, in the studies for putting fuel cells to practical use, fluororesins 
are mainly used as a raw material for producing a solid polymer electrolyte membrane. Among the fluororesins used 
as a raw material for producing a solid polymer electrolyte membrane, a perfluoropolymer represented by the following 

'5 formula (I) is widely used: 

-(CFaCFaJk-CCFiCF),— 

(OCF 2 CF) m iO(CF 2 ) n iS0 3 H < x > 
CF 3 
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wherein each of m 1 and n 1 is a positive integer. The polymer (I) is obtained by subjecting a copolymer of a 
perfluorovinyl ether monomer represented by the following formula (II) and tetrafluoroethylene (TFE) to a hydrolysis 
reaction: 



CF 2 = CF- (OCF 2 CF) m iO(CF 2 ) n i S0 2 F 
CF 3 



wherein each of m 1 and n 1 is a positive integer. The above-mentioned hydrolysis reaction is performed by treating 
the above-mentioned copolymer with an alkaline substance, such as NaOH and KOH, to thereby convert the -S0 2 F 
group at the terminal of the side chain thereof to an -S0 3 Na group, an -S0 3 K group or the like, followed by treatment 
40 with an acid, such as hydrochloric acid, to thereby further convert the terminal group of the side chain thereof to a free 
sulfonic acid group (-S0 3 H). 

[0009] When the above-mentioned polymer (I) is used as a raw material for producing a solid polymer electrolyte 
membrane, the solid polymer electrolyte membrane is generally produced by a method in which the above-mentioned 
copolymer is melt-molded to thereby form a film, and the obtained film is subjected to the above-mentioned hydrolysis 
^5 reaction. 

[0010] Among the polymers of the above-mentioned formula (I), a polymer in which m 1 = 1 and n 1 = 2 to 3, is widely 
used. Such polymer is produced by using as a raw material the above-mentioned monomer (II) in which m 1 = 1 and 
n 1 = 2 to 3. Such monomer is produced by a method as shown in the scheme below: 

50 
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FC(PF 2 )„i. 1 SOfeF 
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FC-CFO(CF2) n iS0 2 F 
O CF 3 

| CF 3 CF-CF 2 

. * FC-CFOCF 2 CFOpF2) n iS0 2 F 
20 O CF 3 CF 3 
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25 CF 2 =CF0CF 2 CFOpF 2 ) n1 SO 2 F 

CF 3 



30 

[0011] Specifically, first, an acyl fluoride having a fluorosulfonyl group is reacted with two molecules of hexafiuoro- 
propylene oxide to thereby obtain an intermediate. The intermediate is then treated with sodium carbonate, to thereby 
eliminate one fluoroformyl group and one fluorine atom from the intermediate and form a perfluorovinyl group. Thus, 
the desired perfluorovinyl ether monomer is obtained (hereinafter, such a reaction in which a carboxyl group or a group 
35 similar to a carboxyl group, and another leaving group are eliminated from an intermediate to thereby form a C=C 
double bond, is referred to as "decarboxylation-vinylation"). 

[0012] It is preferred that the above-mentioned polymer (I) has a small m 1 value. When such polymer (I) having a 
small m 1 value is used for producing a polymer film, the obtained film exhibits satisfactorily high strength even when 
the density of the sulfonic acid groups is high, wherein the sulfonic acid groups function as ion exchange groups. 
40 Therefore, such polymer as mentioned above is suitable for producing a solid polymer electrolyte membrane which 
has excellent properties with respect to ion conductivity and mechanical strength. 

[0013] From the above, it is considered that it is especially preferred that m 1 = 0 in the above-mentioned polymer 
(I). Such polymer can be produced by copolymerizing a perfluorovinyl ether monomer represented by the following 
formula (III) with TFE: 

45 

CF 2 =CFO(CF 2 ) n S0 2 F (|„) 

wherein n is 2 or 3. 

50 [001 4] From the above-mentioned method using decarboxylation-vinylation, it is presumed that the above-mentioned 
polymer (III) can be obtained by subjecting a compound represented by the following formula (IV) to decarboxylation- 
vinylation: 

55 CF 3 CF(COF)0(CF 2 ) n S0 2 F (IV) 



wherein n is 2 or 3. 
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However, it is known that, in actuality, when the above-mentioned compound (IV) is treated with sodium carbonate, a 
cyclization reaction proceeds as a side reaction, thus forming a large amount of by-products having 5- or 6-membered 
rings. Therefore, the yield of the desired monomer (111) becomes extremely low. Indeed, when n = 3 in formula (III), the 
yield of monomer (III) is at most only about 50 % because of the occurrence of the cyclization reaction. Further, when 
5 n = 2 in formula (III), substantially no reaction occurs except the cyclization reaction, and substantially no monomer 
(III) can be obtained. 

[0015] Various methods have been proposed in which the cyclization is suppressed to thereby improve the yield of 
- monomer (III): For example, in Unexamined Japanese Patent Application Laid-Open Specification No. Sho 57-28024, 
a method is disclosed in which an acyl fluoride represented by the following formula: 

w 

FCOCF 2 S0 2 F 

is reacted with an epoxide represented by the following formula (V); 

15 



20 



25 



C ICF^C F~ C 

o 



thereby obtaining a compound represented by the following formula: 

CICF 2 CF(COF)0CF 2 CF 2 SO 2 F, 



and the obtained compound is subjected to decarboxylation-vinylation to thereby obtain the above-mentioned monomer 
(III) (n = 2). However, this method has a problem in that the method for producing the above-mentioned epoxide (V) 
30 is complicated, 

[0016] In W098/43952, a method is disclosed in which the above-mentioned compound (IV) (n = 2) is reacted with 
NaOH, thereby converting the compound (IV) into a compound represented by the following formula: 

35 CF 3 CF(C0 2 Na)OCF 2 CF 2 S0 3 Na. 

The thus obtained compound is heated to thereby cause decarboxylation-vinylation and obtain a sulfonate represented 
by the following formula (VI): 

40 

CF 2 =CFOCF 2 CF 2 S0 3 Na (VI). 

However, the sulfonate (VI) cannot be purified by distillation, so that it is difficult to produce a highly purified sulfonate 
(VI) product on a commercial scale. In this document, the sulfonate (VI) is purified simply by washing with a solvent. 

45 However, by this purification method, the sulfonate (VI) cannot be purified to a satisfactory level. 

[0017] Further, the above-mentioned document describes a method in which the above-mentioned sulfonate (VI) is 
copolymerized with TFE to thereby obtain a copolymer having a sulfonic acid group in the form of a salt (i.e. , a sulfonate 
group). Such a sulfonate group can be converted into a free sulfonic acid group by treating the copolymer with an acid. 
However, each of the sulfonate group-containing copolymer and the free sulfonic acid group-containing copolymer has 

so . poor properties with respect to melt fluidity and heat stability, and, hence, it is difficult to formulate the copolymer into 
a film. 

[001 8] The above document further describes that the above-mentioned sulfonate (VI) can be converted to the above- 
mentioned monomer (III) (n = 2) by a conventional process. However, this conventional process is disadvantageous 
not only in that it is a complicated process involving a plurality of steps, but also in that the yield in each of the steps 
55 of the process is low, and the purification of the monomer (III) is difficult. Thus, it is not practical to employ the above 
conventional process to obtain the monomer (III). 

[0019] In Examined Japanese Patent Application Publication No. Sho 47-2083, a method is disclosed in which the 
above-mentioned compound (IV) (n = 2) is treated with sodium carbonate to perform the above-mentioned cyclization 
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reaction selectively, thereby obtaining a cyclic product represented by the following formula: 



.CF-CF3 

o so 2 

\ / 

F 2 C— CF 2 



Then, the obtained cyclic product is reacted with NaOCH 3 to thereby obtain the above-mentioned sulfonate (VI). How- 
ever, this method has the same problems as in the method disclosed in the above-mentioned W098/43952. 
[0020] As is apparent : from the above, there has conventionally been no method which can be used for efficiently 
producing the above-mentioned valuable monomer (III). Therefore, heretofore, there has been no practical method for 
producing the above-mentioned polymer (I) (mi = 0) which is a copolymer of the monomer (III) with TFE. 
[0021] Thus, conventionally, it has been impossible to improve the performance of a fuel cell to a satisfactory level. 
[0022] With" respect to the above-mentioned fuel cell, it is considered to be advantageous to operate the fuel cell at 
high temperatures. More specifically, such operation of the fuel cell at high temperatures is considered to be advanta- 
geous, for example, in that, theoretically, the electricity generation efficiency can be improved, and that heat can be 
recovered from the exhausted high temperature gas, and the recovered heat can be used for room heating and the 
like. Therefore, it is required that a polymeric material, which is used for producing a solid polymer electrolyte membrane 
used in a fuel cell, exhibits excellent properties at high temperatures. 

[0023] However, with respect to the polymers which have conventionally been used as a raw material for producing 
a solid polymer electrolyte membrane used in a fuel cell, the properties thereof at high temperatures, especially me- 
chanical strength, are unsatisfactory. For example, when the above-mentioned polymer (I), in which k/l = 3 to 10, m 1 
= 1 and n 1 = 2, is used as a raw material for producing a solid polymer electrolyte membrane, the obtained solid polymer 
electrolyte membrane exhibits an unsatisfactory mechanical strength at high temperatures. Therefore, when such a 
solid polymer electrolyte membrane is used in a fuel cell, it is difficult to operate the fuel cell at high temperatures, for 
example, at 100 °C or more. Thus, at present, it is desired to improve the high temperature properties (i.e., the heat 
resistance) of the polymeric material used for producing a solid polymer electrolyte membrane. 
[0024] As an example of effective methods for improving the heat resistance of the polymer, there can be mentioned 
a method in which a crosslinked structure is introduced into the polymer to obtain a crosslinked polymer. As an example 
of a crosslinked polymer film composed of a crosslinked form of a polymer having a sulfonic acid group, such as the 
above-mentioned polymer (I), there can be mentioned a crosslinked polymer film which is crosslinked through a bis- 
sulf onyl imide linkage (-S0 2 NHS0 2 -). With respect to the method for producing such a crosslinked polymer film, various 
proposals have been made as mentioned below. 

[0025] In Unexamined Japanese Patent Application Laid-Open Specification Nos. 2000-188013 and 2001-319521 , 
and Japanese Patent Application prior-to-examination Publication (Tokuhyo) No. 2001-522401 , a method is disclosed 
in which a crosslinked polymer film is obtained by reacting a polymer (in the form of a film) having -S0 2 F groups at 
terminals of its side chains with a crosslinking agent, thereby introducing the bis-sulfonyl imide linkage into the polymer 
film. 

[0026] Specifically, in the above-mentioned Unexamined-Japanese Patent Application Laid-Open Specification Nos. 
2000-1 8801 3 and Japanese Patent Application prior-to-examination Publication (Tokuhyo) No. 2001 -522401 , a method 
is disclosed in which a polymer (in the form of a film) having -S0 2 F groups at terminals of its side chains is treated with 
a specific bifunctional crosslinking agent mentioned below to thereby produce a crosslinked polymerfilm. In this method, 
as shown in the following formula (VII), each of the two (CH 3 ) 3 SiN(Na) groups of a bifunctional crosslinking agent (A- 
2) is reacted with a -S0 2 F group at a terminal of the side chain of a polymer (A-1) to thereby form two bis-sulfonyl 
imide linkages, so that a crosslinked polymer (A-3) is obtained. 
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Polymer -CF 2 S0 2 F + (CH 3 )3Si-N(Na)-S0 2 -(CF 2 ) p -S0 2 -N(Na)-Si(CH 3 )3 
(A-l) (A-2) 

H H 
i i 

Polymer-CF 2 S0 2 -N-S0 2 -(CF 2 )p-S0 2 -N-S0 2 CF 2 -Polymer 

(A-3) . 



(VII). 

[0027] In this method, a crosslinked structure is introduced into the polymer by utilizing the reactivity of the -S0 2 F 
group. However, when "this method is practiced on a commercial scale, there arises a problem that the compound 
represented by the following formula (VIII), which is used as a raw material for producing the bifunctional crosslinking 
agent (A-2), is difficult to obtain in an amount sufficient to practice the production of the crosslinked polymer on a 
commercial scale: 



FS0 2 -(CF 2 ) p -S0 2 F (VIII). 

[0028] Further, the bifunctional crosslinking agent (A-2) is a highly polar substance having ionic bonds. On the other 
hand, a perfluoropolymer, such as the polymer (I), is a low polarity substance, and such a perfluoropolymer scarcely 
dissolves or swells in any solvents other than a fluorine-containing solvent having a low polarity. Therefore, the 
crosslinking agent (A-2) has low affinity to the polymer (A-1). For this reason, it is difficult to cause the crosslinking 
agent (A-2) to permeate throughout the polymer (I) uniformly within a short period of time, so that a crosslinked structure 
cannot be efficiently introduced into the polymer (I). 

[0029] Further, the above-mentioned Unexamined Japanese Patent Application Laid-Open Specification Nos. 

2000- 188013 and 2001-319521, and Japanese Patent Application prior-to-examination Publication (Tokuhyo) No. 

2001- 522401 describe the use of NaN(SiMe 3 ) 2 , LiN(SiMe 3 ) 2 and the like as a crosslinking agent used for introducing 
a crosslinked structure into a polymer having -S0 2 F groups at the terminals of its side chains. However, as in the case 
of the above-mentioned crosslinking agent (A-2), the above-mentioned compounds, such as NaN(SiMe 3 ) 2 and UN 
(SiMe 3 ) 2 , also have low affinity to low polarity polymers, such as a perfluoropolymer. Therefore, it is difficult to cause 
the crosslinking agent (A-2) to permeate throughout the polymer (I) uniformly within a short period of time, so that a 
crosslinked structure cannot be efficiently introduced into the polymer (I). As a result, a crosslinking reaction occurs 
only on and near the surface of the polymer, and, hence, a uniformly crosslinked polymer cannot be obtained. In 
actuality, in the above-mentioned Unexamined Japanese Patent Application Laid-Open Specification No. 2001 -31 9521 , 
data are shown which indicate that a crosslinking reaction is likely to occur only on and near the surface of the polymer. 
[0030] Furthermore, in the above-mentioned Japanese Patent Application prior-to-examination Publication 
(Tokuhyo) No. 2001-522401 , a method is disclosed in which an ionic crosslinking agent as mentioned above is kneaded 
with a polymer having -S0 2 F groups at the terminals of its side chains, thereby obtaining a composition, and the 
obtained composition is used for forming a film. However, by this method, it is difficult to disperse the ionic crosslinking 
agent having high polarity uniformly throughout the low polarity polymer. Further, by this method, a crosslinking reaction 
proceeds during the kneading of the crosslinking agent and the polymer at high temperatures, thereby forming a 
crosslinked polymer. I n general, it is difficult to formulate a crosslinked polymer into a film. Thus, in actuality, it is difficult 
to employ this method for producing a crosslinked polymer film. 

[0031] The above-mentioned Unexamined Japanese Patent Application Laid-Open Specification No. 2000-188013 
further describes a method in which a perfluoropolymer having -S0 2 F groups is directly reacted with a perfluropolymer 
having an NH group-containing sulfonamido group (this polymer is obtained by reacting the former perfluoropolymer 
with ammonia or a primary amine) to thereby obtain a crosslinked polymer. However, as a result of the studies of the 
present inventors, it has been found that it is extremely difficult to perform this reaction efficiently. The reason for this 
difficulty is not clear, but this difficulty is considered to be mainly caused due to the poor compatibility between the two 
polymers. 
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[0032] The above-mentioned Unexamined Japanese Patent Application Laid-Open Specification No. 2001-319521 
further describes a method in which ammonia is used as a crosslinking agent. However, as a result of the studies of 
the present inventors, it has been found that, since ammonia exhibits low reactivity, excess amount of ammonia is 
needed to practice this method. Therefore, in this method, it is extremely difficult to control the amount of bis-suifonyl 
imide linkages formed in the polymer (i.e., the crosslinking density of the polymer). 

[0033] In addition, when water gets mixed into a reaction system involved in the above-mentioned method using 
ammonia as a crosslinking agent, a reaction of the water with the -S0 2 F group becomes predominant overthe crosslink- 
ing reaction, thereby forming a sulfonic acid group in the form of an ammonium salt, while suppressing the formation 
of bis-sulfonyl imide linkage. Thus, the above-mentioned method using ammonia as a crosslinking agent has a problem 
in that, even when only a trace amount of water gets mixed into the reaction system, a sulfonic acid group becomes 
more likely to be formed than a bis-sulfonyl imide linkage, and thus, it becomes impossible to introduce a crosslinked 
structure into the polymer effectively. 

[0034] In WO 01/27167, a method is disclosed in which a film of a polymer having -S0 2 F groups at the terminals of 
its side chains is subjected to amidation, thereby converting ail -S0 2 F groups to sulfonamide groups. The converted 
sulfonamido groups are, then, reacted with the above-mentioned compound (VIII) to thereby obtain a crosslinked pol- 
ymer film. 

[0035] However, when a crosslinked structure is introduced into a polymer, in general, the movement of the polymer 
chain is suppressed. Therefore, it is difficult to react all of the sulfonamido groups in a polymer with the compound 
(VIII) by the method described in WO 01/27167 under conditions which are advantageous for a commercial scale 
production of the crosslinked polymer polymer. For this reason, it is considered that the crosslinked polymer obtained 
by this method has unreacted sulfonamido groups. As explained below in more detail, a polymer having a sulfonamido 
group exhibits a low proton conductivity, and hence, a crosslinked polymer (having unreacted sulfonamido groups) 
obtained by this method is not suitable as a raw material for producing a solid polymer electrolyte. 
[0036] When the above-mentioned compound (VIII) is used in a largely excess amount in an attempt to increase the 
conversion of the sulfonamido groups, only the conversion of one of the -S0 2 F groups of the compound (VIII) is in- 
creased, and, hence, a crosslinked structure cannot be effectively introduced into the polymer. 
[0037] Further, as mentioned above, the compound (VIII) is difficult to obtain in an amount sufficient to practice the 
production of a crosslinked polymer on a commercial scale. 

[0038] In each of the above-mentioned four patent documents, namely, Unexamined Japanese Patent Application 
Laid-Open Specification Nos. 2000-188013 and 2001-319521 , Japanese Patent Application prior-to-examination Pub- 
lication (Tokuhyo) No. 2001 -522401 and WO 01 /271 67, a method is disclosed in which a solid polymer film is reacted 
with a crosslinking agent. However, in general, in such a method as described in these patent documents, which 
involves a reaction in a heterogeneous system, the rate of diffusion of the crosslinking agent into the polymer is low. 
Therefore, the crosslinking reaction cannot be performedat a high rate, so that it becomes difficult to improve the 
productivity of the crosslinked polymer film, 

[0039] Further, there is a large difference in susceptivity to the reaction between the surface of the polymer and the 
inside of the polymer. In general, the crosslinking reaction occurs only on the surface of the polymer, and, hence, it is 
likely that crosslinked structure is formed only on the surface of the polymer, and not inside the polymer. Therefore, by 
the above-mentioned method, it is difficult to obtain a uniformly crosslinked polymer having high quality. 
[0040] When a low polarity polymer, such as a perfluoropolymer having S0 2 F groups, is reacted with a high polarity 
reagent, such as the above-mentioned crosslinking agents, it is very diff icultto cause the crosslinking reaction uniformly 
throughout the polymer. In such a case, the crosslinking reaction tends to proceed only around a portion of the polymer 
at which the crosslinking reaction has first started. The reason for this is as follows. 

[0041]* In a reaction of a polymer with a reagent, in which the resultant reaction product exhibits a higher polarity 
than that of the unreacted polymer prior to the reaction, the reaction product has a higher affinity to the reagent than 
that of the unreacted polymer prior to the reaction. As a result, the unreacted reagent concentratedly comes around 
the site at which the reaction has first occurred, and, hence, the reaction around this site is biasedly promoted. 
[0042] Thus, by the above-mentioned methods in which a solid polymer film is reacted with a crosslinking agent, it 
is difficult to obtain a uniformly crosslinked polymer film having high quality. 

[0043] In Unexamined Japanese Patent Application Laid-Open Specification No. Sho 50-92339, a method is dis- 
closed in which a crosslinked structure is introduced into a polymer by reacting a polymer having a halosulfonyl group 
with a diamine or a polyamine to form a sulfonamido group. 

[0044] In Unexamined Japanese Patent Application Laid-Open Specification No. Sho 54-43192, a method is dis- 
closed in which a polymer having a sulfonamido group with a nitrogen atom thereof bonded to an unsaturated hydro- 
carbon group is polymerized in the presence of a vinyl compound, thereby introducing a crosslinked structure into the 
polymer. 

[0045] However, in both of the above-mentioned patent documents, it is not intended to use the crosslinked polymer 
film as a raw material for producing a solid polymer electrolyte membrane used in a fuel cell. Therefore, a hydrocarbon 
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group is introduced into the obtained crosslinked polymer. The hydrocarbon group suffers oxidative degradation by 
active oxygen. Therefore, the crosslinked polymer exhibits unsatisfactory durability under oxidative conditions, and it 
is difficult to operate a fuel cell using a solid polymer electrolyte membrane formed from the above-mentioned 
crosslinked polymer having a hydrocarbon group. 

[0046] U.S. Patent No. 3784399 discloses a film which is suitable for use in the electrolysis of NaCI, wherein the film 
is produced by treating, with ammonia gas, the surface of a fluorine-containing polymer film having -S0 2 F groups as 
side chains, to thereby convert the -S0 2 F groups only on the surface of the film to -S0 2 NH 2 groups. 
[0047J However, the polymer film obtained in U.S. Patent No. 3784399 does not have a structure in which both -S0 2 F 
and -S0 2 NH 2 groups are uniformly dispersed throughout the film, but has a multilayer structure composed of a polymer 
layer having -S0 2 F groups and a polymer layer having -S0 2 NH 2 groups. Therefore, it is impossible to modify such a 
polymer film uniformly throughout the film by the interaction between the mutually adjacent -S0 2 F groups and -S0 2 NH 2 
groups. 

[0048] The -S0 2 NH 2 group is a weakly acidic group. However, as a result of the studies of the present inventors, it 
has been found that a polymerfilm having -S0 2 NH 2 groups, as an ion exchange group, exhibits poor proton conductivity 
which is only 1/25 of the proton conductivity of a polymer film having free sulfonic acid groups as an ion exchange 
group. Therefore, in actuality, the above-mentioned polymer layer having -S0 2 NH 2 groups functions as an insulating 
layer, so that" the polymer film of U.S. Patent No. 3784399 is not suitable as a solid polymer electrolyte membrane. 
[0049] It is considered that the above-mentioned polymer having -S0 2 NH 2 groups can be obtained by copolymerizing 
monomers having sulfonamide groups. Such monomers having sulfonamido groups are mentioned in some docu- 
ments; however, none of the documents describe the production of such monomers. 

[0050] For example, Unexamined Japanese Patent Application Laid-Open Specification No. Sho 57-281 1 9 discloses 
the structural formulae of various perfluorovinyl ether monomers which are used as a raw material for producing a 
fluorinated polymer having an acidic group. The structural formulae encompass a wide variety of compounds, including 
a perfluorovinyl ether monomer having a sulfonamido group. However, in this patent document, there is no description 
about the specific structure and properties of the above-mentioned monomers (including monomers having a sulfon- 
amido group) and the method for producing the monomers. Further, this patent document has no description about a 
fluorinated polymer which is obtained from the monomers having a sulfonamido group. Needless to say, this patent 
document has no description about a method for improving the heat resistance of the fluorinatd polymer. 
[0051] Further, U.S. Patent No. 3282875 discloses a perfluorovinyl ether monomer represented by the following 
formula (IX) and a copolymer obtained therefrom: 



wherein q is an integer of from 1 to 3 and M represents F, an OH group, an amino group, an ONa group orthe like. 
[0052] Further, this patent document discloses a method for producing a copolymer having a -S0 2 NH 2 group, in 
which a copolymer obtained from monomers including the monomer (IX) having a fluorine atom as substituent M is 
treated with ammonia. However, in this patent document, there is no description about specific examples of monomer 
(IX) having an amino group as substituent M and the method for synthesizing such monomer (IX). 
[0053] In the Examples of the above-mentioned U.S. patent, the monomer (IX) having a hydroxyl group or a -ONa 
group as substituent M is produced from the monomer (IX) having a fluorine atom as substituent M. In accordance 
with such method, the present inventors reacted the monomer (IX) having a fluorine atom as substituent M with am- 
monia or diethylamine in an attempt to produce the monomer (IX) having an amino group or a diethylamino group as 
substituent M. However, the present inventors could obtain no desired product, but obtain only a complex mixture. The 
present inventors analyzed the obtained complex mixture. From the results of the analysis, it is presumed that the 
complex mixture was formed by the reaction of ammonia or diethylamine with a perfluorovinyl group of the monomer 
(IX). 

[0054] Thus, a method for efficiently producing a perfluorovinyl ether having a sulfonamido group, such as the per- 
fluorovinyl ether monomer (1 ) of the present invention, has not been known at all. 

[0055] As apparent from the above, there has conventionally not been obtained a fluororesin which has high heat 
resistance and high proton conductivity and which can be advantageously used as a raw material for producing a solid 
polymer electrolyte membrane for use in a fuel cell. 



CF 2 =CF-(OCF 2 CF) q OCF 2 CF 2 S0 2 M 




(IX) 
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SUMMARY OF THE INVENTION 

[0056] In this situation, the present inventors have made extensive and intensive studies with a view toward devel- 
oping a fluororesin which has excellent heat resistance and high proton conductivity and which can be advantageously 
used as a raw material for producing a solid polymer electrolyte membrane for use in a fuel cell and toward developing 
a monomer used for producing the fluororesin. As a result, unexpectedly, the present inventors have not only for the 
first time succeeded in producing a perfluorovinyl ether monomer which has a specific novel structure containing a 
sulfonamido group, but have also found that, from this monomer, there can be obtained a fluorinated polymer which 
exhibits excellent heat resistance and high proton conductivity and that a solid polymer electrolyte membrane having 
excellent heat resistance can be obtained by subjecting the fluorinated polymer to appropriate treatment. The present 
invention has been completed, based on these successes and findings. 

[0057] Accordingly, it is an object of the present invention to provide a perfluorovinyl ether monomer which has a 
specific novel structure : and which can be used as a raw material for producing a fluororesin which can be advanta- 
geously used for producing a solid polymer electrolyte membrane for use in a fuel cell. 

[0058] It is another object of the present invention to provide a method for producing the above-mentioned perfluor- 
ovinyl ether monomer. 

[0059] It is still another object of the present invention to provide a fluorinated polymer which is produced using the 
above-mentioned perfluorovinyl ether monomer. 

[0060] It is a further object of the present invention to provide a method for p roducing the above-mentioned fluorinated 
polymer. 

[0061 ] It is still a further object of the present invention to provide a polymer film obtained from the above-mentioned 
fluorinated polymer. 

[0062] It is still a further object of the present invention to provide a solid polymer electrolyte membrane obtained 
from the above-mentioned fluorinated polymer. 

[0063] The foregoing and other objects, features and advantages of the present invention will be apparent from the 
following detailed description taken in connection with the accompanying drawings and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0064] In the drawings: 

Fig. 1 is a chart showing the 19 F-NMR spectrum of the binary polymer which is synthesized in Example 2; and 
Fig. 2 is a chart showing the 19 F-NMR spectrum of the unmodified terpolymer which is synthesized in Example 16. 

DETAILED DESCRIPTION OF THE INVENTION 

[0065] In the present invention , there is provided a perfluorovinyl ether monomer represented by the following formula 
(1). 



CF 2 =CF-(OCF 2 CF) m O(CF 2 ) n S0 2 NR 1 R 2 < i ) 

CF 3 

wherein: 

m is an integer of from 0 to 5; 
n is an integer of from 1 to 5; and 

each of R 1 and R 2 independently represents a hydrogen atom; a C r C 10 hydrocarbon group which is unsubstituted 
or substituted with at least one substituent selected from the group consisting of a halogen atom, a hydroxyl group, 
an amino group, an alkoxy group, a carbonyl group, an ester group, an acid amido group, a sulfonyl group and an 
ether group, wherein the substituted C r C 10 hydrocarbon group has up to 1 5 carbon atoms in total; or a substituted 
silyl group containing as a substituent at least one C r C 10 hydrocarbon group so as to have up to 1 0 carbon atoms 
in total, with the proviso that, when each of R 1 and R 2 is independently the unsubstituted or substituted C r C 10 
hydrocarbon group or the substituted silyl group, R 1 and R 2 are optionally bonded together to form a divalent group, 
thereby forming a saturated or unsaturated nitrogen-containing heterocyclic ring in cooperation with a nitrogen 
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atom which is bonded to R 1 and R 2 . 

[0066] For easy understanding of the present invention, the essential features and various preferred embodiments 
of the present invention are enumerated below. 

1. A perfluorovinyl ether monomer represented by the following formula (1). 

CF 2 =CF-(OCF 2 CF) m O(CF 2 ) n S0 2 NR 1 R 2 m 
CF 3 

wherein: 

m is an integer "of from 0 to 5; 
n is an integer of from 1 to 5; and 

each of R 1 and R 2 independently represents a hydrogen atom; a C r C 10 hydrocarbon group which is unsub- 
stituted or substituted with at least one substituent selected from the group consisting of a halogen atom, a 
hydroxyl group, an amino group, an alkoxy group, a carbonyl group, an ester group, an acid amido group, a 
sulfonyl group and an ether group, wherein the substituted C r C 10 hydrocarbon group has up to 15 carbon 
atoms in total; or a substituted silyl group containing as a substituent at least one C r C 10 hydrocarbon group 
so as to have up to 1 0 carbon atoms in total, with the proviso that, when each of R 1 and R 2 is independently 
theunsubstitutedorsubstitutedCi-C 10 hydrocarbon group or the substituted silyl group, R 1 and R 2 are optionally 
bonded together to form a divalent group, thereby forming a saturated or unsaturated nitrogen-containing 
heterocyclic ring in cooperation with a nitrogen atom which is bonded to R 1 and R 2 . 

2. The monomer according to item 1 above, wherein R 1 in formula (1) is a hydrogen atom, the uhsubstituted or 
substituted C r C 10 hydrocarbon group or the substituted silyl group and R 2 in formula (1) is a hydrogen atom or 
the substituted silyl group. 

3. The monomer according to item 1 above, wherein at least one of R 1 and R 2 in formula (1) is the substituted silyl 
group. 

4. The monomer according to item 1 above, wherein at least one of R 1 and R 2 in formula (1) is a hydrogen atom, 

5. The monomer according to item 1 above, wherein each of R 1 and R 2 in formula (1) is a hydrogen atom. 

6. A method for producing the monomer of item 1 above, which comprises: 

(i) converting an acyl fluoride represented by the following formula (2): 



F C-CF-(OCF 2 CF) m O(CF 2 ) n S0 2 F 
0 CF 3 CF 3 

wherein m and n are as defined above for formula (1), 
to a carboxylate represented by the following formula (3): 
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M 1 OC-CF-(OCF 2 CF) m O(CF 2 ) n S0 2 F 

II I,. I O) 

O CF 3 CF 3 



wherein: 

m and n are as defined above for formula (1 ); and 

M 1 is an alkali metal, an alkaline earth metal, a quaternary ammonium group or a quaternary phosphonium 
group; 

(ii) effecting an amidation reaction of the fluorosulfonyl group of the carboxylate (3) to thereby obtain a sulfon- 
amide represented by the following formula (4): 



M 1 OC-CF~(OCF 2 CF) m O(CF 2 ) n S0 2 NR 3 R 4 (4) 
O CF 3 CF 3 

wherein: 

m and n are as defined above for formula (1 ); 
M 1 is as defined above for formula (3); and 

each of R 3 and R 4 independently represents a hydrogen atom; a C r C 10 hydrocarbon group which is 
unsubstituted or substituted with at least one substituent selected from the group consisting of a halogen 
atom, a hydroxyl group, an amino group, an alkoxy group, acarbonyl group, an ester group, an acid amido 
group, a sulfonyl group and an ether group, wherein the substituted C r C 10 hydrocarbon group has up to 
15 carbon atoms in total; a substituted silyl group containing as a substituent at least one C r C 10 hydro- 
carbon group so as to have up to 10 carbon atoms in total; an alkali metal; an alkaline earth metal; an 
ammonium group; or a phosphonium group, with the proviso that, when each of R 3 and R 4 is independently 
the unsubstituted or substituted C r C 10 hydrocarbon group or the substituted silyl group, R 3 and R 4 are 
optionally bonded together to form a divalent group, thereby forming a saturated or unsaturated nitrogen- 
containing heterocyclic ring in cooperation with a nitrogen atom which is bonded to R 3 and R 4 arid that 
R 3 and R 4 are not simultaneously hydrogen atoms, 
optionally followed by treatment with an alkaline compound; and 

(iii) subjecting the sulfonamide (4) to decarboxylation-vinylation, optionally followed by treatment with a protic 
compound. 

7. The method according to item 6 above, wherein each m in formulae (1), (2), (3) and (4) is 0. 

8. A sulfonamide represented by the following formula (4): 



M 1 OC-CF--(OCF 2 CF) m O(CF 2 ) n S0 2 NR 3 R 4 (4 j 
O CF 3 CF 3 

wherein: 



13 



EP1 359 142 A1 



m is an integer of from 0 to 5; 
n is an integer of from 1 to 5; 

M 1 is an alkali metal, an aikaline earth metal, a quaternary ammonium group or a quaternary phosphonium 
group; and 

each of FP and R 4 independently represents a hydrogen atom; a C r C 10 hydrocarbon group which is unsub- 
stituted or substituted with at least one substituent selected from the group consisting of a halogen atom, a 
hydroxyl group, an amino group, an alkoxy group, a carbonyl group, an ester group, an acid amido group! a 
sulfonyl group and an ether group, wherein the substituted C r C 10 hydrocarbon group has up to 15 carbon 
atoms in total; a substituted silyl group containing as a substituent at least one C r C 10 hydrocarbon group so 
as to have up to 10 carbon atoms in total; an alkali metal; an alkaline earth metal; an ammonium group; or a 
phosphonium group, with the proviso that, when each of R3 and R 4 is independently the unsubstituted or 
substituted C 1 -C 10 hydrocarbon group or the substituted silyl group, R3 and R 4 are optionally bonded together 
to form a divalent group, thereby forming a saturated or unsaturated nitrogen-containing heterocyclic ring in 
cooperation with a nitrogen atom which is bonded to R3 and R 4 , and that R3 and R 4 are not simultaneously 
hydrogen atoms. 

9. The sulfonamide according to item 8 above, wherein m in formula (4) is 0. 

1 0. A method for producing the monomer of item 1 above, wherein each of R 1 and R 2 in formula (1 ) is a hydrogen 
atom, or wherein each of R 1 and R 2 in formula (1) is independently a hydrogen atom; a C r C 10 hydrocarbon group 
which is unsubstituted or substituted with at least one substituent selected from the group consisting of a N,N- 
disubstituted amino group containing as substituents two hydrocarbon groups, An alkoxy group and an ether group, 
wherein the substituted C r C 10 hydrocarbon group has up to 15 carbon atoms in total; or the substituted silyl group! 
with the proviso that at least one of Ri and R 2 in formula (1) is a C 3 -C 10 secondary or tertiary alkyl group or the 
substituted silyl group, 

the method comprising subjecting a sulfonyl fluoride represented by the following formula (5): 



CF 2 =CF-(OCF2CF) m O(CF 2 ) n S0 2 F 

I - • - (5) 

CF 3 

wherein m and n are as defined above for formula (1), 
to amidation, optionally followed by treatment with a protic compound, 

wherein the amidation is performed by reacting the sulfonyl fluoride (5) with an amine or metal amide, which 
is represented by the following formula (6): 



M 2 NR 5 R 6 (6) 

wherein: 

M 2 is a hydrogen atom, an alkali metal or an alkaline earth metal; and 

each of R 5 and R 6 independently represents a C r C 10 hydrocarbon group which is unsubstituted or substituted 
with at least one substituent selected from the group consisting of a N,N-di-substituted amino group containing 
as substituents two hydrocarbon groups, an alkoxy group and an ether group, wherein the substituted C r C 10 
hydrocarbon group has up to 1 5 carbon atoms in total; or a substituted silyl group containing as a substituent 
at least one C r C 10 hydrocarbon group so as to have up to 10 carbon atoms in total, with the proviso that at 
least one of R5 and R 6 is a C 3 -C 10 secondary or tertiary alkyl group or the substituted silyl group, 

wherein R 5 and R 6 are optionally bonded together to form a divalent group, thereby forming a saturated 
or unsaturated nitrogen-containing heterocyclic ring in cooperation with a nitrogen atom which is bonded to 
R 5 and R 6 . 

11 . A method for producing the monomer of item 1 above, which comprises subjecting a compound represented 
by the following formula (7): 
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CF 3 CHF-(OCF 2 CF) m O(CF 2 ) n S0 2 NR 1 R 2 
CF 3 



wherein m, n, R 1 and R 2 are as defined above for.formula (1), 
to dehydrofluorination, optionally followed by treatment with a protic compound, 

wherein the dehydrofluorination is performed by contacting the compound (7) with a metal amide, which is 
represented by the following formula (8): 

M 3 NR x R y (8) 

wherein: 

M 3 is an alkali metal or an alkaline earth metal; and 

each of R x and Ry independently represents a C r C 10 hydrocarbon group which is unsubstituted or substituted 
with at least one substituent selected from the group consisting of a N,N-disubstituted amino group containing 
as substituents two hydrocarbon groups, an alkoxy group and an ether group, wherein the substituted C r C 10 
hydrocarbon group has up to 1 5 carbon atoms in total; or a substituted silyl group containing as a substituent 
at least one C r C 10 hydrocarbon group so as to have up to 10 carbon atoms in total, with the proviso that at 
least one of R x and Ry is a C 3 -C 10 secondary or tertiary alkyl group or the substituted silyl group, 

wherein R x and Rv are optionally bonded together to form a divalent group, thereby forming a saturated or 
unsaturated nitrogen-containing heterocyclic ring in cooperation with a nitrogen atom which is bonded to R x and Rv. 

12. A compound represented by the following formula (7): 



CF 3 CHF--(OCF 2 CF) m O(CF2)nS0 2 NR 1 R 2 . 

| (7) 

CF 3 



wherein; 

m is an integer of from 0 to 5; 
n is an integer of from 1 to 5; and 

each of R 1 and R 2 independently represents a hydrogen atom; a C^-C^ hydrocarbon group which is unsub- 
stituted or substituted with at least one substituent selected from the group consisting of a halogen atom, a 
hydroxyl group, an amino group, an alkoxy group, a carbonyl group, an ester group, an acid amido group, a 
sulfonyl group and an ether group, wherein the substituted C^-C^ hydrocarbon group has up to 15 carbon 
atoms in total; or a substituted silyl group containing as a substituent at least one C r C 10 hydrocarbon group 
so as to have up to 1 0 carbon atoms in total, with the proviso that, when each of R 1 and R 2 is independently 
the unsubstituted or substituted C.,-C 10 hydrocarbon group or the substituted silyl group, R 1 and R 2 are op- 
tionally bonded together to form a divalent group, thereby forming a saturated or unsaturated nitrogen-con- 
taining heterocyclic ring in cooperation with a nitrogen atom which is bonded to R 1 and R 2 . 

13. A method for producing the monomer of item 1 above, which comprises subjecting a compound represented 
by the following formula (9): 
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CF 2 X 1 -CFX 2 — (OCF 2 CF) m O(CF 2 ) n S0 2 NR 1 R 2 <*) 

CF 3 



wherein: 



m, n, R 1 and R 2 are as defined above for formula (1); and - 

each of X 1 and X 2 is independently a chlorine atom, a bromine atom or an iodine atom, 
to dehalogenation, optionally followed by treatment with a protic compound. 



14. A compound represented by the following formula (9): 



CF 2 X 1 -CFX 2 — (OCF 2 CF) m O(CF 2 ) n S0 2 NR 1 R 2 

CF 3 



(9) 



wherein: 

m is an integer of from 0 to 5; 
n is an integer of from 1 to 5; 

each of R 1 and R 2 independently represents a hydrogen atom; a C r C 10 hydrocarbon group which is unsub- 
stituted or substituted with at least one substituent selected from the group consisting of a halogen atom, a 
hydroxyl group, an amino group, an alkoxy group, a carbonyl group, an ester group, an acid amido group, a 
sulfonyl group and an ether group, wherein the substituted C r C 10 hydrocarbon group has up to 15 carbon 
atoms in total; or a substituted silyl group containing as a substituent at least one C r C 10 hydrocarbon group 
so as to have up to 10 carbon atoms in total, with the pro-viso that, when each of R 1 and R 2 is independently 
the unsubstituted or substituted C r C 10 hydrocarbon group or the substituted silyl group, R 1 and R 2 are op- 
tionally bonded together to form a divalent group, thereby forming a saturated or unsaturated nitrogen-con- 
taining heterocyclic ring in cooperation with a nitrogen atom which is bonded to R 1 and R 2 ; and 
each of X 1 and X 2 is independently a chlorine atom, a bromine atom or an iodine atom. 

15. A method for producing a fluorinated polymer, which comprises subjecting a perfiuorovinyl ether monomer 
represented by the following formula (1): 



m is an integer of from 0 to 5; 
n is an integer of from 1 to 5; and 

each of R 1 and R 2 independently represents a hydrogen atom; a C^C^ hydrocarbon group which is unsub- 
stituted or substituted with at least one substituent selected from the group consisting of a halogen atom, a 
hydroxyl group, an amino group, an alkoxy group, a carbonyl group, an ester group, an acid amido group, a 
sulfonyl group and an ether group, wherein the substituted C r C 10 hydrocarbon group has up to 15 carbon 
atoms in total; or a substituted silyl group containing as a substituent at least one C^C^ hydrocarbon group 



CF 2 =CF-(OCF 2 CF) m O(CF 2 ) n S0 2 NR 1 R 2 
CF 3 



(i) 



wherein: 
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so as to have up to 10 carbon atoms in total, with the proviso that, when each of R 1 and R 2 is independently 
the unsubstituted or substituted C r C 10 hydrocarbon group or the substituted silyl group, R 1 and R 2 are op- 
tionally bonded together to form a divalent group, thereby forming a saturated or unsaturated nitrogen-con- 
taining heterocyclic ring in cooperation with a nitrogen atom which is bonded to R 1 and R 2 , 
to homopolymerization or copolymerization with at least one comonomer having an olefinic unsaturated bond. 

16. The method according to item 15 above, wherein the monomer (1) is copolymerized with a comonomer com- 
prising tetrafluoroethylene. 

17. A fluorinated polymer produced by the method of item 15 or 16 above. 

1 8. A fluorinated polymer comprising monomer units derived from at least one perfluorovinyl ether monomer rep- 
resented by the following formula (1 0): 



wherein: - 
p is an integer of from 1 to 5; and 

each of R a and R b independently represents a hydrogen atom; a C r C 10 hydrocarbon group which is unsub- 
stituted or substituted with at least one substituent selected from the group consisting of a halogen atom, a 
hydroxyl group, an amino group, an alkoxy group, a carbonyl group, an ester group, an acid amido group! a 
sulfonyl group and an ether group, wherein the substituted C r C 10 hydrocarbon group has up to 15 carbon 
atoms in total; or a substituted silyl group containing as a substituent at least one C r C 10 hydrocarbon group 
so as to have up to 1 0 carbon atoms in total, with the proviso that, when each of Ra and Rb is independently 
the unsubstituted or substituted C r C 10 hydrocarbon group or the substituted silyl group, R a and R b are op- 
tionally bonded together to form a divalent group, thereby forming a saturated or unsaturated nitrogen-con- 
taining heterocyclic ring in cooperation with a nitrogen atom which is bonded to R a and R b . 

19. The fluorinated polymer according to item 18 above, which is a fluorinated copolymer comprising monomer 
units each derived from the monomer (10) and comonomer units each derived from tetrafluoroethylene. 

20. A method for producing a fluorinated copolymer, which comprises subjecting to copolymerization; 

(a) at least one monomer having a partially fluorinated or perfluorinated vinyl group and a group represented 
by the following formula (11): 



R 7 represents a hydrogen atom; a C r C 10 hydrocarbon group which is unsubstituted or substituted with 
at least one substituent selected from the group consisting of a halogen atom, a hydroxyl group, an amino 
group, an alkoxy group, a carbonyl group, an ester group, an acid amido group, a sulfonyl group and an 
ether group, wherein the substituted C r C 10 hydrocarbon group has up to 15 carbon atoms in total; or a 
substituted silyl group containing as a substituent at least one C r C 10 hydrocarbon group so as to have 
up to 10 carbon atoms in total; and 

R 8 represents a hydrogen atom or the substituted silyl group; 

(b) at least one monomer having a partially fluorinated or perfluorinated vinyl group and a group represented 
by the following formula (12): 



CF 2 =CFO(CF 2 ) p S0 2 NR a R b 



(10) 



-S0 2 NR 7 R 8 



(11) 



wherein: 



-so 2 x 3 



(12) 



EP1 359142 A1 



wherein X 3 represents a fluorine atom, a chlorine atom or a -OR 9 group, wherein R 9 represents the unsubsti- 

tuted or substituted C r C 10 hydrocarbon group or the substituted silyl group; and optionally 

(c) at least one monomer other than the monomers (a) and (b), which has an olefinic unsaturated bond. 

21 . The method according to item 20 above, wherein the monomer (a) is a monomer represented by the following 
formula (13): 

CF 2 =CF-Rf-S0 2 NR 7 R 8 (13) 



wherein: 



R 7 and_R 8 are as defined above for formula (11); and 

Rf is a single bond; a C 1 -C 20 fluoroalkylene group represented by the following formula (14): 

- C q X V (14) 



wherein: 



q is an integer of from 1 to 20; and 

each X 4 independently is a fluorine atom; or a monovalent substituent selected from the group consisting of 
a hydrogen atom, chlorine atom and an alkoxy group, with the proviso that the number of the monovalent 
substituent is 35 % or less, based on the number of X 4 ; or 
a C r C 20 oxyfluoroalkylene group represented by the following formula (15): 



-° C q X V (15) 



wherein q and X 4 are as defined above for formula (14), 

wherein at least one single bond between two adjacent carbon atoms of the C r C 20 fluoroalkylene group 
(14) or C r C 20 oxyfluoroalkylene group (1 5) is optionally substituted with at least one divalent substituent selected 
from the group consisting of an oxygen atom, a carbonyl group, a sulfonyi group, a biscarbonylimide group, a 
bissulfonylimide group and a carbonylsulfonylimide group, with the proviso that the number of the divalent substit- 
uent is 50 % or less, based on the number q. 

22. The method according to item 20 above, wherein the monomer (a) is a monomer represented by the followinq 
formula (16): 



CF 2 =CF-(OCF 2 CF) m O(CF 2 ) n S0 2 NR 7 R 8 (ifiJ 
CF 3 

wherein: 

m is an integer of from 0 to 5; 

n is an integer of from 1 to 5; and 

R 7 and R 8 are as defined above for formula (11 ). 

23. The method according to any one of items 20 to 22 above, wherein the monomers (a), (b) and (c) are subjected 
to copolymerization, the monomer (c) comprising tetrafluoroethylene. 

24. A fluorinated copolymer obtained by the method of any one of items 20 to 23 above. 

25. A fluorinated copolymer comprising the following sulfonyi group-containing monomer units (A) and (B); 
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(A) monomer units derived from at least one monomer having a partially fluorinated or perfluorinated vinyl 
group and a group represented by the following formula (11): 

-S0 2 NR 7 R 8 

wherein: 

R 7 represents a hydrogen atom; a C r C 10 hydrocarbon group which is unsubstituted or substituted with 
at least one substituent selected from the group consisting of a halogen atom, a hydroxyl group, an amino 
group, an alkoxy group, a carbonyl group, an ester group, an acid amido group, a sulfonyl group and an 
ether group, wherein the substituted C r C 10 hydrocarbon group has up to 15 carbon atoms in total; or a 
substrtuted silyl group containing as a substituent at least one C r C 10 hydrocarbon group so as to have 
up to 1 0 carbon atoms in total; and 

R 8 represents a hydrogen atom or the substituted silyl group, and 

(B) monomer units derived from at least one monomer having a partially fluorinated or perfluorinated vinyl 
group and a.group represented by the following formula (12): 



-S0 2 X 3 (12 ) 

wherein X 3 represents a fluorine atom, a chlorine atom or a -OR 9 group, wherein R 9 represents the unsub- 
stituted or substituted C r C 10 hydrocarbon group or the substituted silyi group. 

26. The copolymer according to item 25 above, which comprises the monomer units (A) and (B) and comonomer 
units each derived from tetrafluoroethylene. 

27. The copolymer according to item 25 or 26 above, wherein the amount of the monomer unit (A) is from 0.001 
to 50 mol %, based on the total molar amount of the monomer units (A) and (B). 

28. The copolymer according to any one of items 25 to 27 above, wherein the weight of the copolymer per mole 
of sulfonyl groups in the monomer units (A) and (B), which is obtained by dividing the weight (g) of the copolymer 
by the total molar amount of the monomer units (A) and (B), is from 400 to 1400 g/mol. 

29. The copolymer according to any one of items 25 to 28 above, wherein each of the monomer units (A) is derived 
from a monomer represented by the following formula (13): 

CF 2 =CF-Rf-S0 2 NR 7 R 8 (13) 

wherein: 

* R 7 and R 8 are as defined above for formula (11); and 
Rf is a single bond; a C r C 20 fluoroalkylene group represented by the following formula (14): 

- C q X V (14) 

wherein: 

q is an integer of from 1 to 20; and 

each X 4 independently is a fluorine atom; or a monovalent substituent selected from the group consisting of 
a hydrogen atom, chlorine atom and an alkoxy group, with the proviso that the number of the monovalent 
substituent is 35 % or less, based on the number of X 4 ; or 
a C r C 20 oxyfluoroalkylene group represented by the following formula (15): 
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(15) 



wherein q and X 4 are as defined above for formula (14), 

wherein at least one single bond between two adjacent carbon atoms of the C r C 20 fluoroalkylene group 
(14) or C r C 20 oxyfluoroalkylene group (15) is optionally substituted with at least one divalent substituent selected 
from the group consisting of an oxygen atom, a carbonyl group, a sulfonyl group, a biscarbonylimide group, a 
bissulfonylimide group and a carbonylsulfonylimide group, with the proviso that the number of the divalent substit- 
uent is 50 % or less of the integer q. 

30. The copolymer according to any one of items 25 to 28 above, wherein each of the monomer units (A) is derived 
from at least one monomer represented by the following formula (1 6): 



wherein: 

m is an integer of from 0 to 5; 

n is an integer of from 1 to 5; and 

R 7 and R 8 are as defined above for formula (11). 

31 . A copolymer film produced from the copolymer of any one of items 24 to 30 above or a composition comprising 
the copolymer of any one of items 24 to 30 above. 

32. A method for producing the copolymer film of item 31 above, which comprises forming the copolymer of any 
one of items 24 to 30 above or a composition comprising the copolymer of any one of items 24 to 30 above by 
melt processing. 

33. A copolymer film produced by the method of item 32 above. 

34. The copolymer film according to item 31 or 33 above, which is in the form of a single-layer film. 

35. A method for producing a modified copolymer film, which comprises subjecting the copolymer film of any one 
of items 31 , 33 and 34 above to treatment with a basic compound. 

36. A modified copolymer film produced by the method of item 35 above. 

37. A method for producing a solid polymer electrolyte membrane, which comprises subjecting the modified co- 
polymer film of item 36 above to at least one treatment selected from the group consisting of alkali treatment and 
aci'd treatment. 

38. A solid polymer electrolyte membrane produced by the method of item 37 above. 



39. A method for producing a crosslinked copolymer film, which comprises subjecting the copolymer film of any 
one of items 31 , 33 and 34 above to treatment with a basic compound. 

40. A crosslinked copolymer film produced by the method of item 39 above. 

41. A method for producing a crosslinked solid polymer electrolyte membrane, which comprises subjecting the 
crosslinked copolymer film of item 40 above to at least one treatment selected from the group consisting of alkali 
treatment and acid treatment. 

42. A crosslinked solid polymer electrolyte membrane produced by the method of item 41 above. 



CF 2 =CF-(0CF 2 CF) m O(CF2) n SO 2 NR 7 R 
CF 3 



(16) 
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[0067] 
[0066] 



Hereinbelow, the present invention will be described in detail. 

The perfluorovinyl ether monomer of the present invention is represented by the following formula (1): 



5 



CF 2 =CF-(OCF 2 CF) m O(CF 2 ) n S0 2 NR 1 R 2 

CF 3 



(i) 
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[0069] In formula (1 ), m is an integer of from 0 to 5. From the viewpoint of increasing the mechanical strength of a 
polymer which i_s produced from the above-mentioned perfluorovinyl ether monomer (1) (hereinafter frequently referred 
to as "monomer (1)"), and the viewpoint of increasing the ion-exchange capacity obtained when such polymer is used 
'5 as an ion-exchange resin, m is preferably 0 to 2, more. preferably 0 or 1 , most preferably 0. 

[0070] In formula (1), n is an integer of from 1 to 5. From the viewpoint of increasing the chemical stability of the 
monomer (1 j itself and a polymer which is produced from the monomer (1), and from the viewpoint of increasing the 
ion-exchange capacity obtained when such polymer is used as an ion-exchange resin, n is preferably 2 or 3, most 
preferably 2. 

20 [0071] Each of R 1 and R 2 independently represents a hydrogen atom; a C r C 10 hydrocarbon group which is unsub- 
stituted or substituted with at least one substituent selected from the group consisting of a halogen atom, a hydroxyl 
group, an amino group, an alkoxy group, a carbonyl group, an ester group, an acid amido group, a sulfonyl group and 
an ether group, wherein the substituted C r C 10 hydrocarbon group has up to 15 carbon atoms in total; or a substituted 
silyl group containing as a substituent at least one C r C 10 hydrocarbon group so as to have up to 1 0 carbon atoms in 



[0072] Each of the unsubstituted hydrocarbon groups R 1 and R 2 independently has 1 to 1 0 carbon atoms, preferably 
1 to 7 carbon atoms, more preferably 1 to 4 carbon atoms. With respect to the structure of the unsubstituted hydrocarbon 
group, there is no particular limitation, and the structure can be any of, for example, a linear structure, a branched 
structure, a cyclic structure, and a combination thereof. Examples of unsubstituted hydrocarbon groups include an 

30 alkyl group, an alkenyl group, an aryl group, an aralkyl group and the like. An alkyl group is especially preferred. Specific 
examples of unsubstituted hydrocarbon groups include a methyl group, an ethyl group, a propyl group, an isopropyl 
group, a butyl group, an isobutyl group, a sec-butyl group, a t-butyl group, a pentyl group, a hexyl group, a heptyl group, 
a vinyl group, an allyl group, a butenyl group, a cyclohexenyl group, a phenyl group, a tolyl group, a xylyl group, a 
benzyl group, a phenetyl group and the like. Among them, a C,-C 4 lower alkyl group, such as a methyl group, an ethyl 

35 group, a propyl group, an isopropyl group or the like, is especially preferred. 

[0073] Each of the substituted hydrocarbon groups R 1 and R 2 independently has a structure in which at least one 
hydrogen atom of the above-mentioned unsubstituted hydrocarbon group is replaced by at least one substituent se- 
lected from the group consisting of a halogen atom, a hydroxyl group, an amino group, an alkoxy group, a carbonyl 
group, an ester group, an acid amido group, a sulfonyl group and an ether group. When the substituted hydrocarbon 

40 group has a substituent containing a carbon atom, such as an alkoxy group or the like, the total number of carbon 
atoms in the substituted hydrocarbon group is 1 to 15, preferably 1 to 10. Specific examples of substituted hydrocarbon 
groups include a 2,2,2-trifluoroethyl group, a 3-methoxypropyl group and the like. 

[0074] Each of the substituted silyl groups R 1 and R 2 independently contains as a substituent at least one C r C 10 
hydrocarbon group, preferably 2 or more C r C 10 hydrocarbon groups, more preferably 3 C r C 10 hydrocarbon groups, 

45 so as to have a total number of carbon atoms of 1 0 or less, preferably 6 or less, more preferably 3. With respect to the 
structure of the hydrocarbon group in the substituted silyl group, there is no particular limitation, and the structure can 
be any of, for example, a linear structure, a branched structure, a cyclic structure, and a combination thereof. Examples 
of hydrocarbon groups include an alkyl group, an alkenyl group, an aryl group, an aralkyl group and the like. An alkyl 
group is especially preferred. Specific examples of substituted silyl groups include a trimethylsilyl group, a triethylsilyl 

50 group, a tripropylsilyl group, a dimethylphenylsilyl group, a dimethylsilyl group and the like. A trimethylsilyl group is 
especially preferred. 

[0075] In the monomer (1), when each of R 1 and R 2 is independently the unsubstituted or substituted C r C 10 hydro- 
carbon group or the substituted silyl group (i.e., when any of R 1 and R 2 is not a hydrogen atom), R 1 and R 2 are optionally 
bonded together to form a divalent group, thereby forming a saturated or unsaturated nitrogen-containing heterocyclic 
55 ring in cooperation with a nitrogen atom which is bonded to R 1 and R 2 . The nitrogen-containing heterocyclic ring may 
contain a plurality of nitrogen atoms and may contain a hetero atom other than a nitrogen atom, such as an oxygen 
atom or a sulfur atom. The number of carbon atoms contained in the nitrogen-containing heterocyclic ring is 20 or less, 
preferably 8 or less, more preferably 4 or less. 



25 



total. 
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[0076] When the nitrogen-containing heterocyclic ring is formed, especially when the nitrogen-containing heterocyclic 
ring is an imidazole ring or a pyrrole ring, the nitrogen-containing heterocyclic ring is susceptive to a substitution reaction 
(e.g., hydrolysis). Therefore, when the -S0 2 NR 1 R 2 group in the monomer (1) is required to be converted finally to a 
free sulfonic acid group, it is preferred that the monomer (1) contains the nitrogen-containing heterocyclic ring. 
[0077] Further, when at least one of R' and R2 in the monomer (1) is the substituted silyl group, the acidity of the 
proton in the -S0 2 NH- group is lowered and the acid dissociation is suppressed. Therefore, when it is not desired that 
the monomer (1) is contacted with an acid, it is especially preferred that at least one of R 1 and R 2 in the monomer (1) 
is the substituted silyl group. The substituted silyl group in the monomer (1) can be easily converted to a -S0 2 NH- 
group or the below-described bissulfonylimido group even after the monomer (1) has been (co)polymerized to form a 
polymer. 

[0078] On the other hand, when at least one of R 1 and R 2 in the monomer (1) is a hydrogen atom, the hydrogen 
atom exhibits a weak acidity. Therefore, a polymer which is obtained by a (co)polymerization of such monomer (1 ) can 
be used as a weakly acidic resin. Further, such monomer (1) is advantageous in that, as described below, the 
-S0 2 NR 1 R 2 group can be easily converted to a bissulfonylimido group. 

[0079] As described below, when both R1 and R 2 in the monomer (1) are hydrogen atoms, an advantage can be 
obtained in that, in the case where the -S0 2 NR1R 2 group is converted to a bissulfonylimido group after the polymeri- 
zation of the monomer (1), there is no necessity for eliminating any of the R 1 groups and the R 2 groups which remain 
on the nitrogen atom^ Therefore, when the -S0 2 NRiR 2 group is converted to a bissulfonylimido group afterthe polym- 
erization of the monomer (1 ), it is preferred that both R 1 and R 2 are hydrogen atoms. 

[0080] Specific examples of -S0 2 NR 1 R 2 groups (which do not contain the above-mentioned nitrogen-containing 
heterocyclic ring) in the monomer (1 ) of the present invention are enumerated below: 



-S0 2 NH 2 , . 

-S0 2 NHCH 3 , 

-S0 2 N(CH 3 ) 2 , 

-S0 2 NHC 2 H 5 , 

-S0 2 NHCH 2 CH 2 CH 3t 

-S0 2 NHCH(CH 3 ) 2 , 

-S0 2 N(CH 3 )C 2 H 5 , 

-S0 2 N(C 2 H 5 ) 2 , 

-S0 2 NHCH 2 CH 2 CH 2 CH 3 , 

-S0 2 NHCH 2 CH(CH3) 2l 

-S0 2 NHCH(CH 3 )CH 2 CH 3 , 

-S0 2 NHC(CH 3 ) 3 , 

-S0 2 N(CH 3 )CH 2 CH 2 CH 3 , 

-S0 2 N(CH 2 CH 2 CH 3 ) 2 , 

-S0 2 N[CH(CH 3 ) 2 ] 2 , 

-S0 2 NHCH 2 CH 2 CH 2 CH 2 CH 3) 

-S0 2 NHCH 2 C(CH 3 ) 3t 

-S0 2 NHCH 2 CH 2 CH 2 CH 2 CH 2 CH 3l 

-S0 2 N(CH 2 CH 2 CH 2 CH 3 ) 2 , 

-S0 2 N[Si(CH 3 ) 3 ] 2 , 

-S0 2 NHSi(CH 3 ) 3( 

-S0 2 N(CH 3 )Si(CH 3 ) 3) 
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-S0 2 NH— 
-S0 2 NH-Q 

-so 2 NH—y? 

-SO 2 N-0 
CH 3 _ 

-S0 2 N-Q 
C 2 H 5 

-S0 2 N-Q , 

6 



and 



[0081] Further, examples of -S0 2 NR 1 R 2 groups in which R 1 and R 2 are bonded together to form a divalent group, 
thereby forming a saturated or unsaturated nitrogen-containing heterocyclic ring in cooperation with a nitrogen atom 
which is bonded to R 1 and R 2 are enumerated below: 
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[0082] Hereinbelow, explanations are made with respect to the methods for producing the perfluorovinyl ether mon- 
omer (1) of the present invention. 

[0083] The perfiuorovinyl ether monomer (1 ) of the present invention can be produced by various methods . However, 
the monomer (1 ) can be especially efficiently produced by the below-described production methods 1 to 4. 
[0084] Explanations are made below with respect to the production methods 1 to 4. 

•Production method 1 



10 



[0085] Production method 1 is a method comprising: 

(i) converting an acyl fluoride represented by the following formula (2): 



FC~CF-(OCF 2 CF) m O(CF 2 ) n S0 2 F 

II I I UJ 

O. CF 3 CF 3 



20 



30 



40 



45 



wherein m and n are as defined above for formula (1), to a carboxylate represented by the followinq formula 

(3): 



M 1 OC-CF~(OCF 2 CF) m O(CF 2 ) n S0 2 F ^ 
0 CF 3 . CF 3 



wherein: 



m and n are as defined above for formula (1); and 

M 1 is an alkali metal, an alkaline earth metal, a quaternary ammonium group or a quaternary phosphonium 
35 group; 

(ii) effecting an amidation reaction of a fluorosulfonyl group of the carboxylate (3) to thereby obtain a sulfonamide 
represented by the following formula (4): 



M 1 OC-CF--(OCF 2 CF) m O(CF 2 ) n S0 2 NR 3 R 4 (4) 
O CF 3 CF 3 



wherein: 



m and n are as defined above for formula (1 ); 

50 M 1 is as defined above for formula (3); and 

each of R 3 and R 4 independently represents a hydrogen atom; a C r C 10 hydrocarbon group which is unsub- 
stituted or substituted with at least one substituent selected from the group consisting of a halogen atom, a 
hydroxyl group, an amino group, an alkoxy group, a carbonyl group, an ester group, an acid amido group, a 
sulfony! group and an ether group, wherein the substituted C r C 10 hydrocarbon group has up to 15 carbon 

55 atoms in total; a substituted silyl group containing as a substituent at least one C r C 10 hydrocarbon group so 

as to have up to 10 carbon atoms in total; an alkali metal; an alkaline earth metal; an ammonium group; or a 
phosphonium group, with the proviso that, when each of R 3 and R 4 is independently the unsubstituted or 
substituted C r C 10 hydrocarbon group or the substituted silyl group, R 3 and R 4 are optionally bonded together 
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to form a divalent group, thereby forming a saturated or unsaturated nitrogen-containing heterocyclic ring in 
cooperation with a nitrogen atom which is bonded to R 3 and R 4 , and R 3 and R 4 are not simultaneously hydrogen 
atoms, 

optionally followed by treatment with an alkaline compound; and 

5 

(iii) subjecting the sulfonamide (4) to decarboxylation-vinylation, optionally followed by treatment with a protic com- 
pound. 

[0086] This method has a very advantageous feature that, even if m in each of the formulae (1), (2), (3) and (4) is 
10 o, the method is substantially free from the above-mentioned unfavorable cyclization reaction which occurs as a side 
reaction in the conventional methods, so that the monomer (1) can be obtained in a very high yield. 
[0087] First, explanations are made below with respect to the method for converting the above-mentioned acyl flu- 
oride (2) to the^bove-m.entioned carboxylate (3). 

[0088] The acyl fluoride (2) can be converted to the carboxylate (3) by a conventional method. Examples of conven- 
es tional methods include: 

a method in which the acyl fluoride (2) is contacted with a basic substance containing M 1 (which is as defined 
above for formula (3)) to perform a neutralization reaction, and 

a method in which the acyl fluoride (2) is reacted with an appropriate alcohol (e.g., an alcohol having up to 10 
20 carbon atoms) to obtain an ester, and the obtained ester is saponified with a basic substance containing M 1 (which 

is as defined above for formula (3)). 

[0089] Of these two methods, the former involving a neutralization reaction is preferred. The "neutralization reaction" 
mentioned herein means a reaction to convert an acyl halide, such as an acyl fluoride, to a corresponding carboxylate. 

25 [0090] Examples of basic substances containing the above-mentioned M 1 include a hydroxide, a carbonate, a car- 
boxylate and a phosphate. Examples of quarternary ammonium groups used as the above-mentioned M 1 include a 
tetramethylammonium group, a tetraethylammonium group and a tetrabutylammonium group. Examples of quarternary 
phosphonium groups used as the above-mentioned M 1 include a tetramethylphosphonium group, a tetraethylphos- 
phonium group and a tetrabutylphosphonium group. When a quarternary ammonium group or a quarternary phospho- 

30 nium group is used as the above-mentioned M 1 , it is preferred to use a quarternary ammonium hydroxide or a quar- 
ternary phosphonium hydroxide as the above-mentioned basic substance. 

[0091 ] Among the above-mentioned basic substances, a carbonate of an alkali metal or an alkaline earth metal is 
preferred, because such a carbonate exhibits high selectivity in the above-mentioned neutralization reaction. 
[0092] In the above-mentioned neutralization reaction, a solvent can be used to improve a reaction efficiency. When 
35 a solvent is used, it is possible to use a protic solvent, but it is more preferred to use an aprotic solvent. Whether the 
protic solvent or the aprotic solvent is used, it is preferred that the solvent has high polarity. 

[0093] Examples of protic solvents include water; and alcohols, such as methanol, ethanol and propanol. Examples 
of aprotic solvents include ethers, such as diethyl ether, tetrahydrofuran, dioxane, ethylene glycol dimethyl ether, and 
diethylene glycol dimethyl ether; nitriles, such as acetonitrile, propionitrile, butyronitrile, malononitrile, and adiponitrile; 

<o and amides, such as dimethylformamide, and dimethylacetoamide. 

[0094] When the above-mentioned neutralization reaction is performed without using a solvent, the reaction temper- 
ature is generally 120 °C or less, preferably 1 00 °C or less, more preferably 80 °C or less. On the other hand, when 
the above-mentioned neutralization reaction is performed using a solvent, the reaction temperature is generally 100 
°C or less, preferably 80 °C or less, more preferably 60 °C or less. When the reaction temperature is too high, a 

45 decarboxlation reaction proceeds to thereby form by-products. For example, when m = 0, cyclization reaction products 
are co-produced (hereinafter, the side reaction to produce the cyclization reaction products is referred to as "decar- 
boxylation-cyclization reaction"). As a result, the yield of the desired carboxylate (3) is lowered. 
[0095] With respect to the reaction temperature, there is no particular limitation so long as the above-mentioned 
neutralization reaction proceeds; however, the reaction is generally performed at 0 °C or higher. There is also no 

50 particular limitation with respect to the reaction pressure; however, the reaction is generally performed under atmos- 
pheric pressure. 

[0096] In the above-mentioned neutralization reaction, the above-mentioned basic substance is generally used in 
an amount equivalent to the amount of the acyl fluoride (2); however, if desired, the basic substance may be used in 
an excess amount. 

55 [0097] Hereinbelow, explanations are made with respect to the methods for effecting an amidation reaction of the 
fluorosulfonyl group of the carboxylate (3) to thereby obtain the above-mentioned sulfonamide (4). 
[0098] The amidation reaction of the fluorosulfonyl group of the carboxylate (3) can be effected by the conventional 
methods. Examples of conventional methods include the following methods: 
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25 
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35 



(1 -1 ) a method In which the carboxylate (3) is reacted with ammonia, a primary amine or a secondary amine (these 
compounds used as an amidation agent are, hereinafter, collectively referred to simply as "amine"), 
(1 -2) a method in which the carboxylate (3) is reacted with a metal amide of the above-mentioned amine, and 
(1 -3) a method in which the carboxylate (3) is reacted with an aminosilane (having one amino group selected from 
an unsubstituted amino group, an N-monosubstituted amino group or an N,N-disubstituted amino group) in the 
presence of a fluoride ion-containing compound. 

[0099] Examples of amines used as the amidation agent in the method (1-1) include amines represented by the 
following formula (X): 

HNR 1 R 2 (X) 

wherein R 1 and R2 are as defined above for formula (1). However, the amine used as the amidation agent in the 
method (1 -1) is not limited to those represented by the formula (X). 

[0100] In the method (1-1), hydrogen fluoride is co-produced. Therefore, for promoting the desired reaction, an ap- 
propriate basic substance may be used as a hydrogen fluoride-scavenger. Examples of basic substances usable as 
the hydrogen fluoride-scavenger include tertiary amines, such as triethylamine and pyridine; and carbonates of alkali 
metals. Further, it is also possible to use the above-mentioned amine as the amidation agent in an excess amount 
such that the surplus amine (which is not reacted with the carboxylate (3)) functions as a hydrogen fluoride-scavenger. 
The hydrogen fluoride reacts with the hydrogen fluoride-scavenger to form a fluoride ion-containing salt, and this salt 
is removed from the reaction system. The removal of the salt can be conducted by an appropriate method, such as 
filtration. 

[0101] Examples of solvents usable in the above-mentioned amidation reaction include hydrocarbons, hydrocarbon 
halides, ethers, nitriles and amides. Alternatively, when the above-mentioned amine used as the amidation agent is a 
liquid, the amine may be used as a solvent. 

[0102] The reaction temperature varies depending on the type of the amine used; however, the reaction temperature 
is generally in the range of from -50 to 150 °C, preferably in the range of from 0 °C to 100 °C. With respect to the 
reaction pressure, there is no particular limitation; however, the reaction is performed generally under atmospheric 
pressure. 

[0103] In the method (1-1), when ammonia or a primary amine is used as the above-mentioned amidation agent, it 
is possible that a sulfonamide (4) having an ammonium group as R 3 and/or R* is obtained. The reaction scheme of 
the reaction to form the sulfonamide (4) having an ammonium group as R 3 and/or R 4 is shown below, taking as an 
example the case where methylamine is used as the amidation agent. 



-S0 2 F + 3NH2CH3 

i -NH 3 (CH 3 )-F 
-SO2NHCH3 + NH2CH3 

I 

-S0 2 NCH 3 (NH 3 CH 3 ) 

[0104] In the method (1-2), the same operation is performed as in the above-mentioned method (1-1) except that a 
metal amide is used as the amidation agent instead of the above-mentioned amine. In this method, the use of the 
hydrogen fluoride-scavenger (optionally used in the method (1-1)) is not necessary. 

[0105] Examples of metal amides include a metal amide having a structure in which a hydrogen atom bonded to a 
nitrogen atom of the above-mentioned amine (X) is replaced by a metal, such as an alkali metal or an alkaline earth 
metal. However, the metal amide usable in the method (1-2) is not limited to those exemplified above. In the method 
(1-2), lithium, sodium or potassium is generally used as the above-mentioned metal. 

[0106] When the metal amide used in the method (1 -2) contains a silyl group which is bonded to a nitrogen atom of 
the metal amide, the above-mentioned silyl group is sometimes eliminated during the amidation reaction. Such elimi- 
nation of the silyl group is considered to be caused by a fluoride ion which is eliminated from the fluorosulfonyl group 
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of the carboxylate (3). The reaction scheme of the reaction to eliminate the silyl group is as follows. 



-S0 2 F + NaN(SiMe 3 ) 2 ► 

-S0 2 NNa(SiMe 3 ) + MeaSiF 



io [0107] In the method (1 -3), the same operation is performed as in the above-mentioned method (1 -1 ) except that an 
aminosilane is used as the amidation agent instead of the above-mentioned amine, and the reaction is performed in 
the presence of a floride ion-containing compound. Also in the method (1 -3), the use of the hydrogen fluoride-scavenger 
(optionally used in the.method (1-1)) is not necessary. 

[0108] Examples of aminosilanes include a metal amide having a structure in which a hydrogen atom which is bonded 
15 to a nitrogen atom of the above-mentioned amine (X) is replaced by an unsubstituted or substituted silyl group. However, 
the aminosilane used in the method (1-3) is not limited to those exemplified above. Examples of substituted silyl groups 
include a substituted silyl group containing as a substituent at least one C r C 10 hydrocarbon group so as to have up 
to 10 carbon atoms-in total. 

[0109] Examples of fluoride ion-containing compounds include cesium fluoride and potassium fluoride. 
20 [0110] In the method (1-3), it is preferred to use as a solvent any of hydrocarbons, ethers, nitriles and amides. 

[011 1] The conversion of the acyl fluoride (2) to the carboxylate (3) and the amidation of a fluorosulfonyl group of 
the carboxylate (3) may be performed individually in different reactors or in a single reactor successively. That is, the 
conversion of the acyl group and the amidation of the fluorosulfonyl group can be performed by either of the following 
two methods, 

25 a method in which the carboxylate (3) is produced in a first reactor, and the obtained carboxylate (3) is isolated 

and then, amidated in a second reactor; and 

a method in which the carboxylate (3) is produced in a reactor and then, the obtained carboxylate (3) is in situ 
amidated in the reactor without isolating the carboxylate (3). 

[0112] Further, when a protic compound (such as water, an alcohol, a primary amine or a secondary amine) is used 
30 or co-produced in either of the two reaction steps (i.e., a step for conversion of the acyl group and a step for amidation 
of the fluorosulfonyl group), it is necessary to dry the resultant reaction product sufficiently so as to remove the protic 
compound. When the protic compound is not removed sufficiently, a proton-substituted compound represented by the 
following formula (17) (i.e., a compound formed by replacing a -COOM 1 group of the sulfonamide (4) by a hydrogen 
atom) is co-produced during the below-described decarboxylation-vinylation reaction, thereby lowering the yield of the 
35 monomer (1): 



CF 3 CHF-(OCF 2 CF) m O(CF 2 ) n S0 2 NR 3 R 4 

| (17) 

CF 3 

45 wherein m, n, R 3 and R 4 are as defined above for formula (4). 

[0113] Further, when both R 3 and R 4 of the sulfonamide (4) are hydrogen atoms, the above-mentioned proton-sub- 
stituted compound (17) becomes a main product in the decarboxylation-vinylation reaction, whereas almost no mon- 
omer (1) of the present invention is obtained (see Comparative Example 6). 

[01 1 4] Therefore, at least one of R 3 and R 4 in the sulfonamide (4) should not be a hydrogen atom. It is more preferred 
so that both R 3 and R 4 are not a hydrogen atom. 

[0115] So long as one of R 3 and R 4 is not a hydrogen atom, the other may be a hydrogen atom. In the case where 
one of R 3 and R 4 is a hydrogen atom, it is preferred that the other one of R 3 and R 4 is an aryl group, a secondary or 
tertiary alkyl group or a substituted silyl group. 

[0116] In general, the hydrogen atom of a -S0 2 NH- group is acidic, so that, when the hydrogen atom is contacted 
55 with an alkaline compound, the hydrogen atom may be dissociated. Accordingly, when the sufonamide (4) in which 
one of R 3 and R 4 is a hydrogen atom is treated with an alkaline compound, the hydrogen atom as R 3 or R 4 is dissociated 
to form a salt with the alkaline compound. In other words, the hydrogen atom as R 3 or R 4 of the sufonamide (4) is 
replaced by an alkali metal, an ammonium group or the like. By using such sulfonamide (4) having an alkali metal, an 
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ammonium group or the like as R 3 or R 4 the above-mentioned side reaction can be suppressed. 
[0117] Examples of alkaline compounds include hydroxides, carbonates, carboxylates, phosphates and the like of 
alkali metals and alkaline earth metals; ammonium hydroxides; and phosphonium hydroxides. By using any of these 
compounds, the hydrogen atom as R 3 or R 4 can be replaced by an alkali metal, an alkaline earth metal, an ammonium 
group or a phosphonium group. 

[0118] Further, when one of R 3 and R 4 is a hydrogen atom, the other may be the above-mentioned M 1 . 
[0119] The above-mentioned sulfonamide (4) is a novel compound and a key material in the production of the mon- 
omer (1) of the present invention. The present invention also provides such valuable sulfonamide (4). 
[0120] With respect to the method for producing the sulfonamide (4) from the acyl fluoride (2), it is possible to employ 
methods other than the above-mentioned method in which the carboxylate (3) is formed as an intermediate product. 
However, as a result of the studies made by the present inventors with respect to various methods, it has been found 
that the above-mentioned method (in which the carboxylate (3) is formed as an intermediate product) is most excellent 
with respect to.the yieJd of the sulfonamide (4). 

[0121] As another method for producing the sulfonamide (4) from the acyl fluoride (2), there can be mentioned a 
method in which the -S0 2 F group of the acyl fluoride (2) is amidated first to obtain a sulfonamide, and the obtained 
sulfonamide is subjected to neutralization reaction to obtain the sulfonamide (4). By this method, however, substantially 
no sulfonamide (4) can^be obtained. As still another possible method, there can be mentioned a method in which the 
acyl fluoride (2) is esterified, the -S0 2 F group of the resultant ester is amidated to obtain a sulfonamide, and an ester 
group of the obtained sulfonamide is saponified to obtain the sulfonamide (4). However, this method involves compli- 
cated operations, and the yield of the sulfonamide (4) which is achieved by this method is low. 
[0122] Next, explanations are made with respect to the methods for effecting the decarbonation-vinylation of the 
sulfonamide (4). The "decarboxylation-vinylation" mentioned herein means that a -COOM 1 group and a fluorine atom 
in the sulfonamide (4) are eliminated to form a perfluorovinyl group (CF 2 =CF-) shown in formula (1 ) above. 
[0123] The decarboxylation-vinylation of the sulfonamide (4) can be performed by heating the sulfonamide (4) in the 
absence or presence of a solvent. 

[0124] As the solvent used, an aprotic solvent, especially an aprotic polar-solvent, is preferred. On the other hand, 
it is not preferred to use protic solvents, such as water and an alcohol, because the protic solvents cause co-production 
of the above-mentioned proton-substituted compound (17). Examples of preferred solvents include ethers, such as 
ethylene glycol dimethyl ether, diethylene glycol dimethyl ether, triethylene glycol dimethyl ether and dioxane; nitriles, 
such as acetonitrile, propionitrile, adiponitrile and malononitrile; amides, such as dimethylformamide, dimethylacetoa- 
mide and N-methylpyrolidone. 

[0125] With respect to the reaction temperature, there is no particular limitation so long as the decarboxylation- 
vinylation proceeds; however, the reaction temperature is generally in the range of from 50 °C to 350 °C, preferably 
from 80 °C to 300 °C. 

[01 26] A preferable reaction temperature varies depending on other reaction conditions (especially, the presence or 
absence of a solvent, and the type of the solvent, if any). When the decarboxylation-vinylation is performed in the 
absence of a solvent, the reaction temperature is preferably in the range of from 120 °C to 300 °C. When the decar- 
boxylation-vinylation is performed in the presence of a solvent, the reaction temperature is preferably in the range of 
from 80 °C to 220 °C. However, when a nonpolar solvent is used, the preferred reaction temperature is almost the 
same as mentioned above in connection with the decarboxylation-vinylation performed in the absence of a solvent, 
[01 27] When both R 3 and R 4 of the sulfonamide (4) are groups falling within the definition of R 1 and R 2 in the above- 
mentioned formula (1), the monomer (1) of the present invention can be obtained as a reaction product. 
[0128] In the case where at least one of R 3 and R 4 of the sulfonamide (4) is an alkali metal, an alkaline earth metal, 
an ammonium group or a phosphonium group (that is, as mentioned above, in the case where a silyl group bonded to 
a nitrogen atom of the metal amide (amidation agent) is eliminated during the amidation of the fluorosulfonyl group of 
the carbonate (3), or in the case where a hydrogen atom as R 3 or R 4 is replaced by an alkali metal, an ammonium 
group or the like), the resultant reaction product is treated with a protic compound to replace the above-mentioned 
metal or group as R 3 or R 4 of the reaction product by a hydrogen atom, to thereby obtain the monomer (1) of the 
present invention. 

[01 29] Further, by treating the monomer (1 ) containing a substituted silyl group as R 1 or R 2 with a protic compound, 
the substituted silyl group can be replaced by a hydrogen atom. 

[01 30] Examples of protic compounds include water; acids, such as hydrochloric acid, sulfuric acid, phosphoric acid, 
acetic acid, trifluoromethanesulfonic acid and oxalic acid; alcohols, such as methanol, ethanol, isopropanol, n-butanol 
and t-butanol; and phenol. Each of these protic compounds is generally used in the form of an aqueous solution. 
[0131] The treatment with a protic compound can be easily conducted by contacting the reaction product obtained 
by the above-mentioned decarboxlation-vinylation with a protic compound at room temperature. 
[0132] Examples of reactions to exchange the substituent(s) (R 3 and/or R 4 of the sulfonamide (4), or R 1 and/or R 2 
of the monomer (1 )) bonded to the nitrogen atom with a hydrogen atom by the above-mentioned treatment with a protic 
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compound are shown below. 



-S0 2 NNa(SiMe 3 ). 



or H+/fc 2 0 



-+ -S0 2 NH 2 



w 



-S02NH(SiMe 3 ) 



H 2 0 



or MeOH 



15 



-S02NMe(SiMe 3 )- 



H 2 0 



or MeOH 



-SQzNHMe 



♦ Production methods 



20 



25 



[01 33] Production method 2 is a method which can be used only to produce the monomer (1 ) of the present invention, 
wherein each of R 1 and R 2 in formula (1 ) is a hydrogen atom, or wherein each of R 1 and R 2 in formula (1 ) is independently 
a hydrogen atom; a C^C^ hydrocarbon group which is unsubstituted or substituted with at least one substituent se- 
lected from the group consisting of a N,N-disubstituted amino group containing as substituents two hydrocarbon groups, 
an alkoxy group and an ether group, wherein the substituted C r C 10 hydrocarbon group has up to 15 carbon atoms in 
total; or the substituted silyl group, with the proviso that at least one of R 1 and R 2 in formula (1 ) is a C 3 -C 10 secondary 
or tertiary alkyl group or the substituted silyl group, Specifically, the production method 2 comprises subjecting a sulfonyl 
fluoride represented by the following formula (5): 



CF 2 =CF~(OCF 2 CF) rri O(CF 2 ) n S0 2 F 

I (5) 

CF 3 



wherein m and n are as defined above for formula (1 ), to amidation, optionally followed by the treatment with a protic 
compound. 

[0134] In this method, the amidation of the sufonyl fluoride (5) is performed by reacting the sufonyl fluoride (5) with 
an amine or metal amide which is represented by the following formula (6): 

M 2 NR 5 R 6 . (6) 

wherein: 

45 

M 2 is a hydrogen atom, an alkali metal or an alkaline earth metal; and 

each of R 5 and R 6 independently represents a C r C 10 hydrocarbon group which is unsubstituted or substituted 
with at least one substituent selected from the group consisting of an N,N-disubstituted amino group containing 
as substituents two hydrocarbon groups, an alkoxy group and an ether group, wherein the substituted C r C 10 
50 hydrocarbon group has up to 15 carbon atoms in total; or a substituted silyl group containing as a substituent at 

least one C r C 10 hydrocarbon group so as to have up to 10 carbon atoms in total, with the proviso that at least 
one of R 5 and R 6 is a C 3 -C 10 secopdary or tertiary alkyl group or the substituted silyl group, 

wherein R 5 and R 6 are optionally bonded together to form a divalent group, thereby forming a saturated or un- 
55 saturated nitrogen-containing heterocyclic ring in cooperation with a nitrogen atom which is bonded to R 5 and R 6 . 
[0135] The sulfonyl fluoride (5) is generally used as a raw material for conventional solid polymer electrolyte mem- 
branes and can be produced by the conventional methods. 
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[0136] !n the amidation of the sulfonylamide (5), when the sulfonyl fluoride (5) is subjected to a reaction with an 
amide anion, such as (NH 2 )* or (NEt 2 )", the amide anion reacts with a perfluorovinyl group of the sulfonyl fluoride (5), 
so that substantially no desired monomer (1) can be obtained. 

[0137] However, as a result of extensive studies made by the present inventors, it has been found that by using a 
specific amine or metal amide (represented by the above-mentioned formula (6)) having a bulky substituent, the above- 
mentioned reaction of the amide anion with the perfluorovinyl group is suppressed, and hence, the desired monomer 
(1) can be obtained efficiently. 

[0138] In the above-mentioned amine or metal amide (6), at least one of R 5 and R 6 is a C 3 -C 10 secondary or tertiary 
alkyl group or a substituted silyl group containing as a substituent at least one C r C 10 hydrocarbon group so as to have 
up to 1 0 carbon atoms in total. When neither R 5 nor R 6 is such a group as mentioned above, the amine or metal amide 
(6) reacts with a perfluorovinyl group of the monomer (1 ) formed by the amidation of the sulfonylamide (5), so that the 
desired monomer (1) can not be obtained. 

[0139] Examples of secondary or tertiary alkyl groups include branched or cyclic alkyl groups, each having 3 to 10 
carbon atoms, preferably 3 to 6 carbon atoms, such as an isopropyl group, a 2-butyl group, a t-butyl group, 2,4,4-tri- 
methy-2-pentyl group, a cyclopentyl group and a cyclohexyl group. 

[0140] In the amine or metal amide (6), R 5 and R6 are optionally bonded together to form a divalent group, thereby 
forming a saturated or unsaturated nitrogen-containing heterocyclic ring in cooperation with a nitrogen atom which is 
bonded to R 5 and R?. As an example of such a divalent group, there can be mentioned a 2,6-dimethyl-2 ) 6-pentylene 
group. 

[0141] Further, when a substituted silyl group is used as R 5 and R 6 , the same substituted silyl group as mentioned 
above as R 1 and R 2 of the monomer (1) can be used. Such a substituted silyl group contains preferably 2 or more 
hydrocarbon groups, more preferably 3 hydrocarbon groups. Preferred examples of substituted silyl groups include a 
trimethylsilyl group, a triethylsilyl group and a t-buty!dimethylsilyl group. 

[0142] As M 2 of the amine or metal amide (6), it is preferred to use an alkali metal or an alkaline earth metal. It is 
more preferred to use an alkali metal, and it is most preferred to use lithium, sodium or potassium. 
[0143] Specific examples of the amine or metal amide (6) include metal amides, such as lithium diisopropylamide, 
lithium dicyclohexylamide, lithium isopropylcyclohexylamide, 2,2,6,6-tetramethylpiperidine lithium amide, lithium (t- 
butyl) (2 ) 4,4-trimethyl-2-pentyl) amide, lithium hexamethyldisilazide, sodium hexamethyldisilazide, potassium hexam- 
ethyldisilazide, lithium benzyltrimethylsilylamide and amines corresponding to these metal amides (i.e., amines each 
formed by replacing the metal atom of the metal amide by a hydrogen atom). 

[0144] The above-mentioned amidation reaction is generally performed in an aprotic polar solvent, such as an ether 
type solvent, at a relatively low temperature which is below room temperature. 

[0145] Further, when at least one of R 5 and R 6 is a substituted silyl group, the substituted silyl group is sometimes 
eliminated for the same reason as mentioned above in connection with the above-mentioned method (1-2). In such a 
case, by treating the reaction product obtained by the above-mentioned reaction with a protic compound, the monomer 
(1) can be obtained. The treatment with a protic compound can be conducted by the method explained above in con- 
nection with the production method 1 . 

[0146] Further, when the thus obtained monomer (1) contains as R 1 or R 2 a C r C 10 unsubstituted or substituted 
hydrocarbon group or a substituted silyl group, the hydrocarbon group or the substituted silyl group may be replaced 
by a hydrogen atom by subjecting the monomer (1) to the above-mentioned treatment with protic compound. 

• Production method 3 

[0147]' Production method 3 is a method which comprises subjecting a compound'represented by the following for- 
mula (7): 



CFaCHF-IOCFaCFJmCHCF^nSOjNR'R 2 

CF 3 (7 > 

wherein m, n, R 1 and R 2 are as defined above for formula (1), 
to dehydrofluorination, optionally followed by treatment with a protic compound. 

[0148] In this method, the dehydrofluorination is performed by contacting the above-mentioned compound (7) with 
a metal amide represented by the following formula (8): 
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M 3 NR x R y (8 ) 



wherein: 



M 3 is an alkali metal or an alkaline earth metal; and 

each of R x and Rv independently represents a C r C 10 hydrocarbon group which is unsubstituted or substituted 
with at least one substituent selected from the group consisting of an N.N-disubstituted amino group containing 
as substituents two hydrocarbon groups, an alkoxy group and an ether group, wherein the substituted C r C 10 
hydrocarbon group has up to 15 carbon atoms in total; or a substituted silyl group containing as a substituent at 
least one C r C 10 hydrocarbon group so as to have up to 10 carbon atoms in total, with the proviso that at least 
one of R x and Rv is a C 3 -C 10 secondary or tertiary alkyl group or the substituted silyl group, 

wherein R x and Ry are optionally bonded together to form a divalent group, thereby forming a saturated or un- 
saturated nitrogen-containing heterocyclic ring in cooperation with a nitrogen atom which is bonded to R x and Ry. 
[0149] As explained above in connection with the production method 1 , when the decarboxylation-vinylation of the 
sulfonamide (4) is performed in the presence of a protic compound, the proton-substituted compound (1 7) is co-pro- 
duced. However, the present inventors have found that a specific species of the proton-substituted compound (17), i. 
e., the above-mentioned compound (7), also can be used as a precursor of the monomer (1). Specifically, the proton- 
substituted compound (1 7) in which R 3 and R 4 are the groups usable as R1 and R 2 of the monomer (1 ) is the compound 
(7). 

[01 50] The above-mentioned compound (7) is a novel compound and a key material in the production of the monomer 
(1) of the present invention. The present invention also provides such valuable compound (7). 
[0151] Hereinbelow, an explanation is made with respect to the dehydrofluorination of the compound (7). 
[0152] The dehydrofluorination is considered to be caused as follows. By contacting the compound (7) with a basic 
substance, the hydrogen atom of the CF 3 CFH group of the compound (7) is eliminated to thereby cause the dehy- 
drofluorination. However, when the compound (7) is contacted with a basic substance, such as KOH, side reactions 
vigorously occur, so that substantially no desired monomer (1 ) can be obtained. The reason for this is because a basic 
substance reacts with a perfluorovinyl group of the monomer (1) formed by the dehydrofluorination, thereby decom- 
posing the desired monomer (1 ). 

[0153] However, as a result of the extensive studies made by the present inventors, it has been found that, when a 
specific metal amide of-formula (8) above, which has a bulky substituent, is used, the above-mentioned reaction with 
a perfluorovinyl group is suppressed, and the desired monomer (1) can be efficiently obtained. The metal amide (8) is 
a specific species of the compound (6) used in the production method 2. Specifically, the compound (6) having an 
alkali metal or an alkaline earth metal as M 2 is the compound (8). 
[0154] The dehydrofluorination of the compound (7) can be performed in the same manner as in the production 
method 2 except that the compound (7) is used instead of the sulfonamide (5) and that the metal amide (8) is used 
instead of the compound (6). However, in the production method 3, the compound (7) having an S0 2 NR 1 R 2 group is 
used as a starting material, so that, differing from the production method 2, there is no limitation with respect to R 1 and 
40 R 2 of the monomer (1 ) produced in the production method 3. 

[0155] Further, as described above, when at least one of R 1 and R 2 is a hydrogen atom, the hydrogen atom in the 
-S0 2 NH- group is acidic. Therefore, prior to the dehydrofluorination of the compound (7), the compound (7) can be 
converted into a salt (in which the hydrogen atom as R 1 or R 2 is replaced by an alkali metal ion, an alkaline earth metal 
ion, an ammonium ion or the like) by treating the compound (7) with an alkaline substance in the same manner as in 
the treatment (conducted in the production method 1) of the sulfonamide (4) with an alkaline substance. Even when 
the compound (7) is not converted into a salt, by using an excess amount of the metal amide (8) which is an alkaline 
substance, the -S0 2 NH- group can be neutralized prior to the dehydrofluorination of the compound (7). 
[0156] As described above, the proton-substituted compound (1 7) in which R 3 and R 4 are the groups usable as R 1 
and R 2 of the monomer (1 ) is the compound (7). The compound (7) is co-produced in the decarboxylation-vinylation 
of the compound (i.e., sulfonamide (4) in which R 3 and R 4 are replaced by R 1 and R 2 of the monomer (1 )) represented 
by the formula (18) below, when a protic compound is presents in the reaction system. 
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M 1 OC~CF~(OCF 2 CF) m O(CF2) n S0 2 NR 1 R 2 
0 CF 3 CF 3 



wherein: 

m, n, are as defined above for formula (1); and 

M 1 is as defined above for formula (3). In fact, the monomer (1) produced by the production method 1 frequently 
contains a small amount of the compound (7). 

[0157] With respect to the compound (7), the difference in the boiling point between the compound (7) and the 
monomer (1) is generally small, and hence, it is difficult to separate the compound (7) from the compound (1) efficiently 
by distillation.' However, by contacting the metal amide (8) with the monomer (1) containing the compound (7), it is 
possible to cause the metal amide (8) to react only with the compound (7) to thereby convert the compound (7) to the 
monomer (1). Thus, a highly purified monomer (1) can be obtained. 

[0158] As is apparent from the above, the dehydrofluorination (vinylation) method using the compound (8) is also 
useful as a method for improving the purity of the perfluorovinyl ether (1), and this method can be applied also to the 
production of conventional perfluorovinyl ethers other than the monomer (1) so long as the starting material does not 
have any functional group which reacts with the metal amide (8). 

[0159] The reaction of the compound (7) with the metal amide (8) is generally performed in an aprotic polar solvent, 
such as an ether, at a relative low temperature which is below room temperature. The metal amide (8) may be used 
in an amount equivalent to the amount of the compound (7); however, when the compound (7) contains a proton (other 
than a hydrogen atom in a CF 3 CFH group) which is easily eliminated, the metal amide (8) may be used in an excess 
amount. 

[0160] As described above, the compound (7) can be easily obtained by the decarboxylation of the compound (1 8), 
which is conducted in the presence of a protic compound, such as water or an alcohol. For producing the compound 
(7) efficiently the protic compound is preferably used in an amount equivalent to the amount of the compound (18), 
more preferably in an excess amount. 

[0161] As another method for producing the compound (7), there can be mentioned a method which comprises: 

subjecting the above-mentioned carboxylate (3) to decarboxylation in the presence of the above-mentioned protic 
compound, to thereby obtain a compound represented by the following formula (1 9): 



CF 3 CHF-(OCF 2 CF) m O(CF2) n S0 2 F 



CF 3 (1 » 



wherein: 



n is as defined above for formula (1); and 

amidating a fluorosulfonyl group of the obtained compound (19) by the same method as in the amidation of 
a fluorosulfonyl group of the carboxylate (3) in the above-mentioned production method (1). 

[01 62] With respect to the amidation of the compou nd (1 9), as in the case of the above-mentioned amidation methods 
(1-1) and (1-2), the compound (19) can be amidated by reacting the compound (19) with an amine or a metal amide. 
It is preferred that the above-mentioned amine or metal amide is used in an amount equivalent to the amount of the 
compound (19). When the amine or metal amide is used in an excess amount, the produced compound (7) further 
reacts with the amine or metal amide to coproduce a by-product, thereby lowering the yield of the desired compound (7). 
[0163] In this method, when the above-mentioned metal amide (8) is used for the amidation of the compound (19), 
the above-mentioned dehydrofluorination and amidation can be performed together in a single step. More specifically, 
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the monomer (1 ) can be obtained in a single reaction step from the compound (19) without isolating the compound (7) 
as an intermediate. For effecting such a single reaction step, the metal amide is used in an excess amount (two equiv- 
alents or more), relative to the compound (1 9). Such method is simple and an excellent production method for the 
monomer (1). However, in this method, the same amidation reaction as in the above-mentioned production method 2 
5 is considered to occur in the reaction system, and therefore, the monomer (1 ) which can be produced by this method 
is the same as that obtained by the production method 2. 

[0164] The production method 3 is especially advantageous in the case where the co-production of the compound 
- (7) is likely to occur during the decarboxylation-vinylation of the sulfonamide (4) due to the presence of easily dissociable 
protons in the sulfonamide (4), thereby rendering difficult the production of the monomer (1). 

io [01 65] Further, when at least one of R* and Ry of the compound (8)(used for the dehydrofluorination of the compound 
(7)) is a substituted silyl group, the substituted silyl group is sometimes eliminated for the same reason as mentioned 
above in connection with the above-mentioned method (1 -2). In such a case, by treating the reaction product (obtained 
by the dehydrofluorination) with a protic compound, the monomer (1) can be obtained. The treatment with a protic 
compound can be conducted by the method explained above in connection with the production method 1 . 

is [0166] Further, when the thus obtained monomer (1) contains a substituted silyl group as R 1 or R 2 , by subjecting 
the monomer (1 ) to the above-mentioned treatment with a protic compound, the substituted silyl group can be replaced 
by a hydrogen atom. 

•Production method 4 

20 

[0167] Production method 4 is a method which comprises subjecting a compound represented by the following for- 
mula (9): 



wherein m, n, R 1 and R 2 are as defined above for formula (1), 
each of X 1 and X 2 is independently a chlorine atom, a bromine atom or an iodine atom, 
to dehalogenation, optionally followed by a treatment with a protic compound. 

[0168] The compound (9) which is used as a starting material in the production method 4 has a structure in which a 
halogen atom other than a fluorine atom is added to the perfluorovinyl group of the monomer (1). Specifically, each of 
X 1 and X 2 in the formula (9) is independently a chlorine atom (CI), a bromine atom (Br) or an iodine atom (I). 
[0169] With respect to the above-mentioned halogen atoms used as X 1 and X 2 , the order of preferredness is I > Br 
> CI, from the viewpoint of ease in dehalogenation. On the other hand, from the viewpoint of availability of a halogen 
compound used for providing the halogen atom, the order of preference is CI > Br > I. 

[0170] With respect to the method for producing the compound (9), there is no particular limitation. Examples of 
methods for producing the compound (9) include the following methods 1) and 2). 

1) A method comprising: 

adding Cl 2 , Br 2 or l 2 to a perfluorovinyl group of a monomer having an S0 2 F group and a perfluorovinyl group, 
which monomer is produced by a conventional method, to thereby obtain an intermediate compound having 
an S0 2 F group; and 

reacting the obtained intermediate compound with ammonia or a primary or secondary amine to amidate the 
intermediate compound. 
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The scheme of the reactions involved in this method is shown below. 
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CF 2 =CF CF 2 X— CFX 

I X 2 I 

(OCF 2 CF) m O(CF2) n S0 2 F ► (OCF 2 CF) m O(CF2) n S0 2 F 

CF 3 X=CI,Br,l CF 3 



. , . CF 2 X-CFX 
R R NH I , _ 
— (OCF 2 CF) m O(CF 2 ) n S0 2 NR 1 R 2 

CF 3 



2) A method which comprises: 



reacting a hypofluorite having an S0 2 F group with a 1,2-dihalo-1,2-difluoroethylene (see, J. Fluorine Chem., 
95, 27 (1 999), the Netherlands) or reacting a hypochlorite having an SO z F group with a monohalotrifluoroeth- 
ylene (e.g, , chlorotrif luoroethylene) (see, J. Fluorine Chem., 58, 59 (1 992), the Netherlands), to thereby obtain 
an intermediate compound having an S0 2 F group; and 

reacting the obtained intermediate compound with ammonia or a primary or secondary amine to amidate the 
intermediate compound. 

[0171] The scheme of the reactions involved. In this method is shown below. 

CFX 1 =CFX 2 + FO(CF 2 CFO) m (CF2) n S0 2 F 

CF3 ^CF^-CFX 2 

/ (OCF 2 CF) m O(CF 2 ) n SO a F 
CF 2 =CFX 2 + ClOlCFgCFOJmtCFzJnSOzF/ I 



I ' CF 3 

X\X 2 =Cl,Br,l 



CF 3 v 1 v2 



CF 2 X 1 — CFX 2 



R 1 R 2 Ntj , _ 
► (OCF 2 CF) m O(CF2) n S0 2 NR 1 R 2 

CF 3 



[0172] The amidation of the above-mentioned intermediate compound having an S0 2 F group can be performed by 
the same method as in the amidation of a fluorosulfonyl group of the carboxytate (3) which is explained above in 
connection with the above-mentioned production method 1 . 

[01 73] The above-mentioned compound (9) is a novel compound and a key material in the production of the monomer 

(1) of the present invention. The present invention also provides such a valuable compound (9). 

[0174] Hereinbelow, an explanation is made with respect to the dehalogenation of the compound (9). 

[0175] The dehalogenation of the compound (9) is performed by contacting the compound (9) with a dehalogenating 

agent. Examples of dehalogenating agents generally used include metals, such as Zn, Mg, Cu, Fe and Sn, and metal 
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alloys each comprising at least two metals, such as Zn-Cu, and Zn-Pb. Among these, especially preferred are Zn and 
alloys containing Zn. 

[0176] With respect to these metals or alloys, it is preferred to use one which has a large surface area. For this 
reason, generally, each of the above metals and metal alloys is used in a powdery, granular or particulate form. Further, 
5 it is preferred that the above metals and alloys are washed with diluted hydrochloric acid orthe like, followed by drying, 
prior to the use thereof. 

[0177] For promoting the dehalogenation reaction, a catalyst, such as bromine, may be used in combination with 
the dehalogenating agent. 

[0178] The dehalogenation reaction is performed in a heterogeneous system (i.e., a gas-solid system or a solid- 

io liquid system) containing a solid dehalogenating agent. Generally, the reaction is performed in a solid-liquid system 
using a solvent. As a solvent, a polar solvent is generally used. Examples of polar solvents include ethers, such as 
glyme, diglyme, triglyme and dioxane; amides, such as dimethyformamide, dimethylacetoamide and N-methylpyrro- 
lidone; nitriles.-such as aceto nitrite and propionitrile; and dimethylsulfoxide. The reaction temperature is generally in 
the range of from room temperature to the boiling point of the solvent used. 

'5 [0179] Alternatively, the dehalogenation of the compound (9) can be performed by electrochemical method. In this 
method, the above-mentioned dehalogenating agent (metals and the like) is not necessary, and hence, a by-product 
derived from a dehalogenating agent is not formed. Therefore, the use of the electrochemical method is advantageous 
in that the amount of the waste accompanying the producuction of the monomer (1) can be lowered. 
[0180] The electrochemical method is generally conducted as follows. The compound (9) is dissolved in an appro- 

20 priate electrolytic liquid, and then, an anode and a cathode are put into the resultant solution. Then, a voltage is applied 
between the two electrodes to perform the dehalogenation of the compound (9) by an electrochemical reaction. 
[0181] With respect to the conditions for performing the electrochemical reaction, there is no particular limitation and 
the reaction can be performed under conditions which are generally employed in the conventional electrolysis. 
[0182] Examples of materials for the anode include carbon, platinum, ruthenium, rhodium, palladium, iridium and 

25 gold. Further, an electrode plated with any of the above metals can also be used. 

[01 83] Examples of materials for the cathode include nickel, copper, zinc, iron, titanium, chromium, aluminum, cobalt, 
tin, cadmium, antimony, mercury, lead and silver. Further, an electrode plated with any of the above metals can also 
be used. 

[0184] If desired, a membrane, such as an ion exchange membrane, a porous resin membrane and a porous ceramic 
30 membrane, may be disposed between the two electrodes. 

[0185] The electrolytic liquid used in the electrochemical method comprises a solvent generally used in the art and 
an electrolyte dissolved in the solvent. 

[0186] The above-mentioned solvent used in this method needs to be capable of dissolving therein not only the 
above-mentioned electrolyte but also the compound (9). Examples of solvents include water; nitriles, such as ace- 

35 tonitrile and propionitrile; amides, such as dimethylformamide, N-methyl-2-pyrrolidone and hexamethylphosphorictri- 
amide; alcohols, such as butanol and (poly)ethyleneglycol; ethers, such as tetrahydrofuran and dioxane; ketones, such 
as acetone and methyl ethyl ketone; polar organic solvents, such as dimethysulfoxide, These solvents can be used 
individually or in combination. If desired, for improving the solubility of the compound (9), a fluorine-containing solvent, 
such as HFC43-1 Omee, can be used in combination with any of the above-exemplified solvents. 

40 [0187] Examples of electrolytes include inorganic acids, such as hydrochloric acid, sulfuric acid and tetrafluoroboric 
acid; organic acids, such as (fluoro)aliphatic saturated carboxylic acid, (fluoro)alkyl sulfonic acid; inorganic bases, such 
as sodium hydroxide; organic bases, such as trialkylamine and tetraalkylammonium-hydroxide; and salts thereof. When 
an organic solvent is used, it is preferred to use an electrolyte having a high solubility in the organic solvent, such as 
a quarternary ammonium salt or quarternary phosphonium salt of the above-mentioned organic acid or inorganic acid. 

45 [0188] Further, as an electrolytic liquid, an ionic solution (which functions as the electrolyte as well as the solvent) 
can also be used. Examples of ionic solutions include 1-butyl-3-methyl-1H-imidazoliumhexafluorophosphate, and 
1 -ethyl-3-methyl-1 H-imidazoliumtrifluoromethane sulfonate. 

[0189] The voltage which is applied between the two electrodes is generally in the range of from 2.7 to. 40 V, and 
the current density is generally in the range of from 1 0 to 500 mA/cm 2 . Further, the electrochemical reaction is generally 
50 performed under atmospheric pressure at a temperature within the range of from -20 °C to the boiling point of the 
solvent used. 

[0190] It is preferred that the isolation of the desired monomer (1 ) from the reaction mixture obtained by the dehal- 
ogenation reaction is performed by subjecting the reaction mixture per se to distillation; however, if desired, the distil- 
lation can be conducted after removal of a solid from the reaction mixture by filtration or after extraction using an 
55 appropriate solvent. 

[0191] Further, in the case where the monomer (1) is a liquid, and the reaction mixture separates into a phase com- 
prised mainly of the monomer (1) and another phase when allowed to stand, the monomer (1) can be obtained by 
recovering the monomer (1 )-containing phase from the reaction mixture, followed by purification by distillation orthe like. 
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[01 92] When the thus obtained monomer (1 ) has a substituted silyl group as R 1 or R 2 , the substituted silyl group can 
be replaced by a hydrogen atom by subjecting the monomer (1) to the treatment with a protic compound, which is 
explained above in connection with the production method 1 . 

[01 93] Explanations have been made on the preferred methods 1 to 4 for producing the perfluorovinyl ether monomer 
(1) of the present invention. However, the production method is not limited to these methods 1 to 4. 
[0194] As a specific example of a production method other than the above-mentioned methods 1 to 4, there can be 
mentioned a method which comprises the steps of: 

producing the monomer (1) by using any one of the above-mentioned methods 1 to 4, and 
subjecting the obtained monomer (1) to an appropriate treatment in which R 1 and/or R 2 in the monomer (1) is 
modified or substituted, to thereby obtain a monomer (1) product having a structure different from the original 
monomer (1 ) with respect to the structure of R 1 and/or R 2 

[0195] Examples of modifications or substitutions of R 1 and/or R 2 include: 

replacement of the hydrogen atom as R 1 and/or R 2 by an alkyl group (i.e., N-alkylation), 

- replacement of thehydrogen atom as R 1 and/or R 2 by a substituted silyl group (i.e., N-silylation), 

- replacement of the alkyl group as R 1 and/or R 2 by a hydrogen atom (i.e., N-dealkylation), and 
replacement of the substituted silyl group as R 1 and/or R 2 by a hydrogen atom (i.e., N-desilylation). 

As a specific example, there can be mentioned the N-silylation (using hexamethyldisilazane) represented by the fol- 
lowing formula: 



[0196] The sulfonamide group contained in the monomer (1) of the present invention exhibits high reactivity. By virtue 
of such property of the monomer (1), the monomer (1) can be converted into various derivatives. By the copolymeri- 
zation of the thus obtained derivatives with the monomer (1 ), a copolymer having the desired properties can be obtained. 
[0197] Hereinbelow, examples of reactions for the production of a derivative of the monomer (1 ) are illustrated. (In 
each of the following examples, the monomer (1) is expressed as the -S0 2 NR 1 R 2 group.) 



-S0 2 NH 2 + (Me 3 Si) 2 NH -> -S0 2 NHSiMe 3 . 



Base 



-S0 2 NH 2 + CF 3 S0 2 F 



+ -SO 2 NHS0 2 CF 3 , 



Base 



-SO2NH2 + FS0 2 R f iS0 2 F 



+ -S0 2 NHS0 2 R f iS0 2 F 



wherein represents a C r C 10 perfluoroalkylene group optionally containing an ether linkage, 



Base 



-S0 2 NH(tBu) + CF 3 S0 2 F 



-S0 2 N(tBu)S0 2 CF 3 , 



Base 



-S0 2 NH 2 + F(CO)CF 2 S0 2 F 



-SO 2 NHC0CF 2 SO 2 F 



and 
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Base 

-so 2 nh 2 + CF3COF — ^ -SO2NHCOCF3. 

[0198] Further, the reactions represented by the below-mentioned formulae (32) to (35) (i.e., the reactions for con- 
verting the structure of the side chain of polymer) can also be advantageously used for producing a derivative of the 
10 monomer (1). 

[0199] By subjecting the thus obtained perfluorovinyl ether monomer (1) to homopolymerization or copolymerization 
with at least one comonomer having an olefinic unsaturated bond, a fluorinated polymer can be easily obtained. For 
the production of. a fluorinated polymer having excellent mechanical strength, it is preferred to perform the copolym- 
erization of the monomer (1 ) with at least one comonomer having an olefinic unsaturated bond. 
'5 ( [0200] In the copolymerization reaction between the monomer (1) of the present invention and a comonomer, with 
respect to the type of comonomer, there is no particular limitation, and the type of comonomer can be appropriately 
chosen in accordance with the properties of the desired copolymer. 

[0201] Examples of comonomers include olefins, such as ethylene, propylene and alkylvinyl ether; fluorinated olefins, 
such as tetrafiuoroethylene, trifluoroethylene, vinylidene fluoride, hexafluoropropylene, perf luoromethyl vinyl ether, per- 
20 fluoropropyl vinyl ether; and chlorofluorolefins, such as chlorotrifluoroethylene. These comonomers can be used indi- 
vidually or in combination. 

[0202] Among these comonomers, from the viewpoint of chemical stability, preferred are the comonomers containing 
at least one fluorine atom, especially per-fluorolefins and chlorofluorolefins. More preferred are tetrafiuoroethylene and 
chlorotrifluoroethylene, and most preferred is tetrafiuoroethylene. 

25 [0203] In the copolymerization reaction between the monomer (1) of the present invention and a comonomer, with 
respect to the amount of monomer (1) and the amount of the comonomer, there is no particular limitation, and the 
amounts of monomer (1 ) and comonomer can be appropriately chosen in accordance with the properties of the desired 
fluorinated copolymer. In the fluorinated copolymer, the amount of the monomer unit derived from the monomer (1) is 
generally in the range of from 0.001 to 50 mol %, preferably from 0.005 to 30 mol %, more preferably from 0.01 to 20 

30 mol %, based on the total molar amount of the monomer unit derived from the monomer (1) and the monomer unit 
derived from the comonomer. 

[0204] With respect to the method for performing the homopolymerization reaction or copolymerization reaction of 
the monomer (1) of the present invention, there is no particular limitation, and any conventional method can be em- 
ployed, such as radical polymerization or radiation polymerization. Examples of methods of polymerization include a 

35 solution polymerization as described in Unexamined Japanese Patent Application Laid-Open Specification No. Sho 
57-92026, a suspension polymerization or an emulsion polymerization each of which uses water or the like as a liquid 
medium, a bulk polymerization, a miniemulsion polymerization and a microemulsion polymerization. In the case of a 
radical emulsion, the conventional radical initiators which are generally used, and also other polymerization initiators, 
such as per-fluoroperoxides, may be used as the polymerization initiator. 

40 [0205] In the case where R 1 and/or R 2 in the monomer (1) of the present invention is a hydrogen atom (namely, 
when the monomer (1) has a structure represented by the formula -S0 2 NH-), the hydrogen atom as R 1 or R 2 in the 
monomer (1) exhibits a weak acidity. When performing a (co)polymerization of such monomer (1), especially in the 
case of an emulsion polymerization or the like which is effected in an aqueous solvent, the (co)polymerizatio.n may be 
performed by a method in which a basic compound is added to the reaction system to thereby cause the hydrogen 

45 atom as R 1 or R 2 to be replaced by an alkali metal ion, an alkaline earth metal ion, an ammonium ion or the like. 

[0206] As mentioned above, when the thus obtained fluorinated polymer is used as an ion-exchange resin, from the 
viewpoint of increasing the ion-exchange capacity thereof, the most preferred value of m in formula (1 ) is 0. Therefore, 
it is especially preferred that the fluorinated polymer comprises monomer units derived from at least one perfluorovinyl 
ether monomer represented by the following formula (10): 

50 

CF 2 =CFO(CF 2 ) p S0 2 NR a R b (10) 

wherein: 

55 

p is an integer of from 1 to 5; and 

each of R a and R b independently represents a hydrogen atom; a C r C 10 hydrocarbon group which is unsubstituted 
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or substituted with at least one substituent selected from the group consisting of a halogen atom, a hydroxy! group, 
an amino group, an alkoxy group, a carbonyl group, an ester group, an acid amido group, a sulfonyl group and an 
ether group, wherein the substituted C r C 10 hydrocarbon group has up to 15 carbon atoms in total; or a substituted 
silyl group containing as a substituent at least one C r C 10 hydrocarbon group so as to have up to 1 0 carbon atoms 
in total, with the pro-viso that, when each of R a and R b is independently the unsubstituted or substituted C r C 10 
hydrocarbon group or the substituted silyl group, Ra and R b are optionally bonded together to form a divalent group, 
thereby forming a saturated or unsaturated nitrogen-containing heterocyclic ring in cooperation with a nitrogen 
" atom which is bonded to R a and R b . 

[0207] This fluorinated polymer, comprising monomer units derived from at least one perfluorovinyl ether monomer 
represented by the monomer (1 0) , is a novel polymer which has for the first time been produced by the present inventors . 
[0208] In the course of studying the above-mentioned fluorinated polymer, the present inventors have unexpectedly 
found that, with_respecUo a fluorinated copolymer produced by a method which comprises subjecting to copolymeri- 
zation: 

(a) at least one monomer having a partially fluorinated or perfluorinated vinyl group and a group represented by 
the following formula (11): 

20 -S0 2 NR 7 R 8 
wherein: 



w 



15 



25 



30 



35 



40 



45 



50 



55 



R 7 represents a hydrogen atom; a C r C 10 hydrocarbon group which is unsubstituted or substituted with at 
least one substituent selected from the group consisting of a halogen atom, a hydroxyl group, an amino group, 
an alkoxy group, a carbonyl group, an ester group, an acid amido group, a sulfonyl group and an ether group! 
wherein the substituted C r C 10 hydrocarbon group has up to 15 carbon atoms in total; or a substituted silyl 
group containing as a substituent at least one C 1 -C 10 hydrocarbon group so as to have up to 1 0 carbon atoms 
in total; and 

R 8 represents a hydrogen atom or the substituted silyl group; 

(b) at least one monomer having a partially fluorinated or perfluorinated vinyl group and a group represented by 
the following formula (12): 

-so 2 x 3 (12 ) 

wherein X 3 represents a fluorine atom, a chlorine atom or a -OR 9 group, wherein R 9 represents the unsub- 
stituted or substituted C r C 10 hydrocarbon group or the substituted silyl group; and optionally 

(c) at least one monomer other than the monomers (a) and (b), which has an olefinic unsaturated bond. 

The fluorinated copolymer has advantageous properties such that the heat resistance of the fluorinated copolymer can 
be easily improved by subjecting the fluorinated copolymer to an appropriate modification treatment with a basic com- 
pound as mentioned below. Such properties are extremely advantageous in the production of a material which is 
required to have excellent heat resistance, such as a material for a solid polymer electrolyte for use in a fuel cell. 
[0209] Conventionally, there has not been known such a fluorinated copolymer. Such fluorinated copolymer has for 
the first time been produced by the present inventors. Further, as described below, a certain type of the perfluorovinyl 
ether monomer (1 ) of the present invention can be used as the above-mentioned monomer (a). 
[0210] Hereinbelow, explanations are made of the monomers (a), (b) and (c). 

Monomer (a) 

[021 1 ] As mentioned above, the monomer (a) is at least one monomer having a partially fluorinated or perfluorinated 
vinyl group and a group represented by the following formula (11): 

-S0 2 NR 7 R 8 (11). 
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[0212] In the group represented by formula (11) (hereinafter referred to as "substituent (11)"), R 7 represents a hy- 
drogen atom; a C r C 10 hydrocarbon group which Is unsubstituted or substituted with at least one substituent selected 
from the group consisting of a halogen atom, a hydroxyl group, an amino group, an alkoxy group, a carbonyl group, 
an ester group, an acid amido group, a sulfonyl group and an ether group, wherein the substituted C r C 10 hydrocarbon 
5 group has up to 15 cartoon atoms in total; or a substituted silyl group containing as a substituent at least one C r C 10 
hydrocarbon group so as to have up to 1 0 carbon atoms in total. 

[0213] The unsubstituted hydrocarbon group R 7 is an unsubstituted C r C 10 hydrocarbon group, preferably an un- 
s'ubstituted C\-Cj hydrocarbon group, more preferably an unsubstituted C 1 -C 4 hydrocarbon group. With respect to the 
structure of the above-mentioned unsubstituted hydrocarbon group, there is no particular limitation, and the structure 

io can be any of, for example, a linear structure, a branched structure, a cyclic structure, and a combination thereof. 
Specific examples of unsubstituted hydrocarbon groups include an alkyl group, an alkenyl group, an aryl group and 
an aralkyl group. Among these hydrocarbon groups, from the viewpoint of chemical stability, preferred are an aromatic 
hydrocarbon group, a saturated hydrocarbon group and a hydrocarbon group having those in combination. More pre- 
ferred are lower alkyl groups, such as a methyl group, an ethyl group, a propyl group, an isopropyl group, a butyl group, 

is an isobutyl group, a sec-butyl group and a t-butyl group. 

[0214] The substituted hydrocarbon group R 7 has a structure in which at least one hydrogen atom of the unsubstituted 
hydrocarbon group is replaced by at least one substituent selected from the group consisting of a halogen atom, a 
hydroxyl group, an amino group, an alkoxy group, a carbonyl group, an ester group, an acid amido group, a sulfonyl 
group and an ether group. When the substituted hydrocarbon group has a substituent containing a carbon atom, such 

20 as an alkoxy group, the total number of carbon atoms contained in the substituted hydrocarbon group is in the range 
of from 1 to 1 5, preferably from 1 to 1 0, inclusive of the carbon atoms contained in the substituent. Specific examples 
of substituted hydrocarbon groups include a 2,2,2-trifluoroethyl group and a 3-methoxypropyl group. 
[0215] The substituted silyl group R 7 contains as a substituent at least one C r C 10 hydrocarbon group, preferably at 
least two C r C 10 hydrocarbon groups, more preferably three C^C^ hydrocarbon groups, so as to have up to 1 0 carbon 

25 atoms in total, preferably up to 6 carbon atoms in total, more preferably three carbon atoms in total. With respect to 
the structure of the hydrocarbon group in the substituted silyl group, there is no particular limitation, and the structure 
can be any of, for example, a linear structure, a branched structure, a cyclic structure, and a combination thereof. 
Specific examples of hydrocarbon groups include an alkyl group, an alkenyl group, an aryl group and an aralkyl group. 
Especially preferred is an alkyl group. Specific examples of substituted silyl groups include a trimethyl silyl group, a 

30 triethyl silyl group, tripropyl silyl group, a dimethylphenyl silyl group and a dimethyl silyl group. Especially preferred is 
a trimethyl silyl group. 

[0216] In the substituent (11), R 8 represents a hydrogen atom or the substituted silyl group. 
[0217] As mentioned below, depending on the type of R 7 and R 8 in the monomer (a), when the fluorinated copolymer 
of the present invention is intended for use as a solid polymer electrolyte membrane, R 7 and/or R 8 needs to be replaced 
35 by a hydrogen atom. Therefore, for eliminating the necessity for replacing R 7 and/or R 8 by a hydrogen atom, it is 
preferred that each of R 7 and R 8 in the monomer (a) is a hydrogen atom. 

[0218] As the above-mentioned partially fluorinated or perfluorinated vinyl group (hereinafter referred to as "fluori- 
nated vinyl group"), there can be used a vinyl group in which the three hydrogen atoms thereof are partially or completely 
replaced by a fluorine atom, a vinyl group in which one hydrogen atom thereof is replaced by a fluorine atom, and at 
to least one of the other two hydrogen atoms is replaced by a chlorine atom, or a vinyl group in which one hydrogen atom 
is replaced by a chlorine atom, and at least one of the other two hydrogen atoms is replaced by a fluorine atom. It is 
preferred that the fluorinated vinyl group contains at least two fluorine atoms. 

[021 9] The monomer (a) has a structure in which the fluorinated vinyl group and the substituent (11) are bonded 
together through a divalent group. With respect to the structure of the divalent group, there is no particular limitation; 

45 however, from the viewpoint of obtaining a fluorinated copolymer having excellent chemical stability and excellent 
thermal stability, it is preferred to use a perfluorinated divalent hydrocarbon group as the divalent group. With respect 
to the structure of such perfluorinated divalent hydrocarbon group, there is no particular limitation, and the structure 
can be any of, for example, a linear structure, a branched structure, a cyclic structure, and a combination thereof. The 
perfluorinated divalent hydrocarbon group may also contain an unsaturated bond or an aromatic ring. 

so [0220] The single bond between two adjacent carbon atoms of the perfluorinated divalent hydrocarbon group may 
be replaced by a divalent substituent, such as an oxygen atom, a carbonyl group, a sulfonyl group, a biscarbonylimido 
group, a bissulfonylimido group or a carbonylsulfonylimido group. 

[0221 ] The fluorinated vinyl group and the substituent (11) may be bonded to the perfluorinated divalent hydrocarbon 
group through the divalent substituent mentioned above. 
55 [0222] Further, the fluorine atoms of the perfluorinated divalent hydrocarbon group may be partially replaced by a 
monovalent substituent, such as a hydrogen atom or a chlorine atom, as long as no adverse effect is caused on the 
properties of the obtained copolymer 

[0223] As a specific example of such monomer (a), there can be mentioned a monomer represented by the following 
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formula (13): 



CF 2 =CF-Rf-S0 2 NR 7 R 8 (13) 

wherein: 



R 7 and R 8 are as defined above for formula (11); and 

Rf is a single bond; a C r C 20 fluoroalkylene group represented by the below-mentioned formula (14); or a C r C 
oxyfluoroalkylene group represented by the below-mentioned formula (15): 



-c q x 4 2 

-° C qXV (15) 



'q X 2q- (14) 

15 



wherein: 



q is an integer of from 1 to 20; and 

each X 4 is independently a fluorine atom; or a monovalent substituent selected from the group consisting of a 
hydrogen atom, a chlorine atom and an alkoxy group, and the number of the monovalent substituent is 35 % or 
less, preferably 25 % or less, more preferably 15 % or less, based on the number of X 4 . 

[0224] With respect to the structures of the fluoroalkylene group (14) and the oxyfluoroalkylene group (15), there is 
no particular limitation, and each of the fluoroalkylene group (14) and the oxyfluoroalkylene group (15) can have any 
structure, such as a linear structure, a branched structure or a cyclic structure, or a combination thereof. 
[0225] Further, at least one of the single bonds, each of which is present between two adjacent carbon atoms of the 
C r C 20 fluoroalkylene group (14) or C r C 20 oxyfluoroalkylene group (15), may be optionally replaced by at least one 
divalent substituent selected from the group consisting of an oxygen atom, a carbonyl group, a sulfonyl group, a bis- 
carbonylimido group, a bissulfonylimido group and a carbonylsulfonylimido group, with the proviso that the number of 
the divalent substituent is 50 % or less, based on the number q. 

[0226] Examples of Rf groups include the below-mentioned divalent groups; however, the Rf group is not limited to 
the below-mentioned divalent groups: 

-CaF 2 a-. 

- (CF 2 ) a -CHFCF 2 , 
-C a F 2a -0-C c F 2c -, 

-(CaF 2 aO)b-CcF2c-. and 
-(C a F 2a O) b -C c F 2c S0 2 NRlS0 2 C d F 2d - 



wherein: 



each of a, b, c and d is independently an integer of from 1 to 4; and 
45 R 1 is as defined above for formula (1 ). 

[0227] As a specific example of such monomer (a), there can be mentioned a monomer represented by the following 
formula (20): 

50 

' CF 2 =CFCF 2 S0 2 NR 7 R 8 (20) 



wherein: 



R 7 and R 8 are as defined above for formula (11). 



[0228] In addition, a monomer represented by the following formula (16): 
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CF 2 =CF-(OCF 2 CF) m O(CF2) n S0 2 NR 7 R 8 

CF 3 (16) 

wherein: 

10 m is an integer of from 0 to 5; 

n is an integer of from 1 to 5; and 

R 7 and R Q are as defined above for formula (11), can also be advantageously used as the monomer (a). The 
monomer (J 6) corresponds to the monomer (1 ) having a structure in which R 2 is not the unsubstituted or substituted 
C r C 10 hydrocarbon group. The monomer (1 6) is more advantageous than the monomer (20), since the monomer 
'5 (16) has higher polymerizability than the monomer (20). 

[0229] In the monomer (1 6), it is preferred that m is as small as possible, In the monomer (1 6), m is more preferably 
from 0 to 2, still more preferably from 0 to 1, most preferably 0. Use of such monomer (16) is advantageous in that, 
even when the amount of monomer (1 6) is small, excellent effects can be obtained, such as the effects that an improved 

20 mechanical strength of the fluorinated copolymer can be obtained, and an improved ion-exchange capacity of the 
fluorinated copolymer can be obtained when the fluorinated copolymer is used as an ion-exchange resin. 
[0230] n is an integer of from 1 to 5. From the viewpoint of improving the chemical stability of the monomer (1 6) and 
fluorinated copolymer obtained by using the monomer (16), and from the viewpoint of increasing the productivity of 
the monomer (16), n is preferably 2 or 3, and most preferably 2. 

25 [0231] These monomers (a) can be used individually or in combination. 

Monomer (b) 

[0232] As mentioned above, the monomer (b) is at least one monomer having a partially fluorinated or pert luorinated 
30 vinyl group and a group (hereinafter referred to as "substituent (12)") represented by the following formula (12): 

-S0 2 X 3 (12). 

35 [0233] That is, the monomer (b) has a structure in which the substituent (11) of the monomer (a) is replaced by the 
substituent (12). 

[0234] In formula (1 2), X 3 represents a fluorine atom, a chlorine atom or an -OR 9 group, wherein R 9 represents the 
unsubstituted or substituted C r C 10 hydrocarbon group or the substituted silyl group. 

[0235] With respect to R 9 , the unsubstituted or substituted C r C 10 hydrocarbon group as R 9 is the same as the 
40 unsubstituted or substituted C r C 10 hydrocarbon group as R 7 in formula (11), and, on the other hand, the substituted 
silyl group as R 9 is the same as the substituted silyl group as R 7 or R 8 in formula (11). 

[0236] From the viewpoint of improving the stability and handling properties of the monomer (b), X 3 is preferably a 
fluorine atom or a chlorine atom, more preferably a fluorine atom. 

[0237] As a specific example of the monomer (b), there can be mentioned a monomer represented by the following 
45 formula (21): 



CF 2 =CF-Rf-S0 2 X 3 (21). 

[0238] In formula (21), X 3 is as defined above for formula (12), and Rf is as defined for formula (13). 

[0239] In addition , the sulfonyl fluoride (5) used in the above-mentioned production method 2 may be preferably used 

as the monomer (b). 

[0240] In the sulfonyl fluoride (5), m is an integer of from 0 to 5; however, for obtaining a fluorinated copolymer having 
excellent mechanical strength, it is preferred that m is from 0 to 2, more advantageously 0 or 1 . 
[0241] n is an integer of from 1 to 5. From the viewpoint of improving the chemical stability of the sulfonyl fluoride 
(5) and fluorinated copolymer obtained from the sulfonyl fluoride (5), and from the viewpoint of increasing the produc- 
tivity of the sulfonyl fluoride (5), n is preferably 2 or 3, most preferably 2. 
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[0242] Specific examples of sulfonyl fluoride (5) are illustrated in the following formulae (22), (23), (24) and . (25). 



5 



CF 2 =CF-OCF2CFOCF2CF 2 S02F 
CF 3 



(22) 



10 



15 



CF2=CF-OCF2CFOCF 2 CF 2 CF 2 S02F 
CF3 



(23) 



CF 2 =CFOCF 2 CF 2 S0 2 F 



(24) 



20 



CF 2 =CFOCF 2 CF 2 CF 2 S0 2 F 



(25) 



[0243] These monomers (b) can be" used individually or in combination. 



25 



Monomer (c) 



[0244] The fluorinated copolymer of the present invention can be obtained by subjecting the above-mentioned mon- 
omers (a) and (b) to copolymerization; however, as mentioned above, in addition to the monomers (a) and (b), there 
may also be used at least one monomer (c) other than the monomers (a) and (b), which has an olefinic unsaturated bond. 
[0245] With respect to the structure of the monomer (c), there is no particular limitation, as long as the monomer (c) 
has an olefinic unsaturated bond and is copolymerizable with the monomers (a) and (b). 

[0246] Examples of monomers (c) include olefins, such as ethylene and propylene; and halogenated olefins, espe- 
cially halogenated ethylenes, such as vinylidene fluoride, tetrafluoroethylene and chlorotrifluoroethylene. These mon- 
omers (c) can be used individually or in combination. 

[0247] Among these monomers (c), preferred are per-fluorolefins and chlorofluorolefins. Especially preferred are 
tetrafluoroethylene and chlorotrifluoroethylene, and most preferred is tetrafluoroethylene. 

[0248] In the production of the fluorinated copolymer of the present invention, the type of monomers (a), (b) and (c) 
can be appropriately chosen in accordance with the properties of the desired copolymer. When using the above-men- 
tioned compound (16) as the monomer (a) and the above-mentioned sulfonyl fluoride (5) as the monomer (b), there 
is no particular limitation; for example, it is not necessary that m and n in the compound (16) are, respectively, the 
same as m and n in the sulfonyl fluoride (5), that is, the structures of the compound (1 6) and the sulfonyl fluoride (5) 
can be appropriately chosen in accordance with the properties of the desired copolymer. Such freedom of the choice 
of the structures of the monomers cannot be obtained by the conventional amidation method in which the -S0 2 F group 
of a polymer is partially amidated. 

[0249] With respect to the amounts of the above-mentioned monomers (a), (b) and (c), there is no particular limitation; 
however, from the viewpoint of improving the handling properties and the like of the obtained fluorinated copolymer, it 
is preferred that the monomer (a) is used in an amount of from 0.001 to 20 mol %, more advantageously from 0.005 
to 10 mol %, most advantageously from 0.01 to 5 mol %, based on the total molar amount of the monomers (a), (b) 
and (c). 

[0250] With respect to the monomer (b), it is preferred that the monomer (b) is used in an amount of from 3 to 95 
mol %, more advantageously from 5 to 60 mol %, most advantageously from 10 to 30 mol %, based on the total molar 
amount of the monomers (a), (b) and (c). 

[0251] With respect to the monomer (c), it is preferred that the monomer (c) is used in an amount of from 0 to 97 
mol %, more advantageously from 50 to 92 mol %, most advantageously from 70 to 88 mol %, based on the total molar 
amount of the monomers (a), (b) and (c). 

[0252] The substituent (12) of the monomer (b) is a group which can be easily converted into a free sulfonic acid 
group. A fluorinated copolymer containing a large number of the substituent (12) can be advantageously used as a 
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material for an ion-exchange resin having a large ion-exchange capacity, or as a material for a solid polymer electrolyte 
having excellent proton conductivity. Therefore, it is preferred that the monomer (b) is used in a relatively large amount. 
[0253] On the other hand, the monomer (a) can exhibit a satisfactory effect even when it is used in a relatively small 
amount. 

[0254] The fluorinated copolymer of the present invention, comprising monomer unit (A) derived from the monomer 
(a) and monomer unit (B) derived from the monomer (b), has for the first time been obtained by the present inventors. 
The fluorinated copolymer of the present invention is extremely advantageous not only in that it exhibits excellent 
p-roperties suitable for high speed production of a film, but also in that a modification treatment for improving the me- 
chanical strength of the fluorinated copolymer at high temperatures, can be performed efficiently. 
[0255] It is preferred that the amount of monomer unit (A) is in the range of from 0.001 to 50 mol %, more advanta- 
geously from 0.005 to 30 mol %, most advantageously from 0.01 to 20 mol %, based on the total molar weight of the 
monomer units (A) and (B). 

[0256] For the purpose of obtaining the fluorinated copolymer of the present invention exhibiting excellent handling 
properties and exhibiting a good balance of various properties, it is preferred that the weight of the fluorinated copolymer 
of the present invention per mole of sulfonyl groups in monomer unit (A) (derived from the monomer (a)) and monomer 
unit (B) (derived from the monomer (b)), is from 400 to 1400 g/mol, more advantageously from 600 to 1200 g/mol, 
most advantageously from 700 to 1 1 00 g/mol. 

[0257] Such value-of the weight of the fluorinated copolymer corresponds to the "equivalent weight" of the fluorinated 
copolymer when the copolymer is regarded as an ion-exchange resin containing the substituents (11) and (12) as ion- 
exchange groups. The value is obtained by dividing the weight (g) of the fluorinated copolymer of the present invention 
by the total molar amount of the monomer units (A) and (B). 

[0258] The melt index of the fluorinated copolymer of the present invention is preferably in the range of from 0.001 
to 500, more preferably from 0.01 to 200, most preferably from 0.1 to 1 00, as measured under conditions 
wherein the load is 2.16 kg, the orifice diameter is 2.09 mm and the temperature is in the range of from the melting 
temperature of the copolymer to lower than the decomposition temperature of the copolymer. 
[0259] The fluorinated copolymer of the present invention is a novel copolymer which has for the first time been 
obtained by the present inventors and which has the substituents (11) and (12) at the terminals of the side chains 
thereof. As mentioned above, when such copolymer is subjected to the below-mentioned modification treatment, the 
heat resistance of the copolymer can be remarkably improved. 

[0260] In addition, the fluorinated copolymer intrinsically has relatively high heat resistance, and the fluorinated co- 
polymer does not suffer deterioration even when the copolymer is subjected to melt molding under heating. Further, 
the copolymer does not have a crosslinked structure, and hence can be easily molded into a shaped article, such as 
a copolymer film, by various conventional molding methods, such as a melt molding method. Thus, in the present 
invention, a modified copolymer film can be obtained by a process which comprises the steps of producing a copolymer 
film by a melt molding method, and subjecting the obtained copolymer film to modification treatment. Such process is 
advantageous for a commercial practice. 

[0261] The above-mentioned fluorinated polymer, especially the fluorinated copolymer, can be easily molded by 
various conventional molding methods to thereby obtain various molded articles, such as a film. If desired, the fluori- 
nated polymer can be used in the form of a composition which is obtained by mixing the fluorinated polymer with 
another polymer. 

[0262] A copolymer film produced from a composition containing the above-mentioned fluorinated copolymer is es- 
pecially useful as a material for a solid polymer electrolyte membrane for use in a fuel cell, the film having excellent 
thermal stability. Hereinbelow, an explanation is made on the method for producing the fluorinated polymer film of the 
present invention. 

[0263] With respect to the method for producing a film from the fluorinated polymer of the present invention, there 
is no particular limitation, and a film can be produced by the conventional methods, such as a calendar method, an 
inflation method, aT-die method, a casting method, a cutting method, an emulsion method and a hot-press method. 
The fluorinated polymer of the present invention has excellent thermal stability and does not suffer marked deterioration 
upon heating. From the viewpoint of increasing the productivity of a film, the methods based on melt processing, such 
as a T-die method and an inflation method, are especially preferred among the above-mentioned methods. 
[0264] In addition, for producing a thin film of the fluorinated polymer, a casting method which employs a solution of 
the fluorinated polymer is also preferred. 

[0265] With respect to the thickness of the polymer film, there is no particular limitation. The thickness of the polymer 
film can be appropriately chosen in accordance with the use of the polymer film; however, the thickness of the polymer 
film is preferably from 5 to 200 u,m, more preferably from 10 to 150 ujn, most preferably from 20 to 100 u,m. 
[0266] The obtained polymer film can be used in the form of a single-layer film or in the form of a multi-layer film 
which is obtained by laminating the polymer film with other film(s). The term "single-layer film" used herein means a 
film having a uniform composition, and such film is most suitable for the below-mentioned modification treatment. If 
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desired, the single-layer film may constitute a part of a multi-layerfilm comprising the single-layer film and other structure 
(s) or other fi!m(s) having a composition different from the composition of the single-layer film. 
[0267] The single-layer film has a structure in which the above-mentioned substituents (11) and (12) are uniformly 
dispersed throughout the interior portion of the film. Such single-layer film has for the first time been obtained by the 
5 present inventors. 

[0268] Further, the above-mentioned polymer film may be a composite material obtained by combining the polymer 
film with various reinforcements, such as a fibrous reinforcement, a granular reinforcement and a porous membrane. 
• Specific examples of reinforcements include PTFE microparticles, PTFE fibrils, a PTFE woven fabric, a PTFE porous 
membrane, and various inorganic reinforcements. 

w [0269] Unexamined Japanese Patent Application Laid-Open Specification No. 2001-319521 discloses a method in 
which a polymer film containing an -S0 2 F group is treated with ammonia (see the section "Prior Art" of this patent 
document). The present inventors made a study on this method, and they found that the IR spectrum of an ammonia- 
treated film obtained by this method shows that, in addition to -S0 2 NH 2 groups, a large amount of sulfonic acid groups 
(in ammonium salt form) are present in the ammonia-treated film. The reason for this is considered to reside in that, 

is in the case of this prior art method, the entering of even a very small amount water into the reaction system is likely to 
cause the conversion of the -S0 2 F group into a sulfonic acid group (in ammonium salt form). On the other hand, from 
the IR spectrum of the copolymerfilm of the present invention, which containsthe -S0 2 NH 2 group, it has been confirmed 
that the formation ot a sulfonic acid group (in ammonium salt form) does not occur at all. 

[0270] Among the above-mentioned polymer films, a fluorinated copolymer film produced from a fluorinated copol- 
20 ymer obtained by copolymerizing the above-mentioned monomers (a) and (b), and optionally the monomer (c), is 
advantageous in that, when the copolymer film is subjected to a modification treatment, there can be obtained a large 
improvement in the thermal stability of the copolymer film. Especially the mechanical strength and the elasticity both 
at high temperatures become improved. In addition, the occurrence of creep deformation at high temperatures becomes 
remarkably decreased. Further, the modified fluorinated copolymer film also has advantageous properties in that, even 
25 when the modified fluorinated copolymer film is converted into a solid polymer electrolyte membrane by the below- 
mentioned method, the membrane does not exhibit a lowering of the proton conductivity thereof. Hereinbelow, an 
explanation is made of the modification treatment for improving the thermal stability of the copolymer film. 
[0271] The modification treatment is performed by contacting the fluorinated copolymerfilm with a basic compound. 
Examples of basic compounds include various Lewis bases and Br0nsted bases. Specific examples of such basic 
30 compounds include a nitrogen-containing organic Lewis base and a compound represented by the following formula: 

qV 

wherein Q + represents a quaternary ammonium group, a quaternary phosphonium group, an alkali metal, an 
alkaline earth metal or the like; and Y" represents an alkoxyl group, an allyloxy group, an amino group having a hindered 
amine structure, a fluoride ion or the like. 

It is preferred that the basic compound is an anhydrous compound. 

[0272] Nitrogen-containing organic Lewis bases can be used for the modification treatment of a wide variety of fluor- 
inated copolymer films. Specific examples of nitrogen-containing organic Lewis bases include tertiary amines, such 
as trimethylamine, triethylamine, tripropylamine, tributylamine, tetramethylethylenediamine and dimethylaniline; par- 
tially fluorinated tertiary amines, such as N(CH 2 CH 2 OCF 2 CHFCF3)3; and nitrogen-containing heterocyclic compounds, 
such as pyridine, an alkylsubstituted pyridine, N,N-dimethylaminopyridine, quinoline, 1,4-diazabicyclo[2.2.2]octane 
(DABCO), 1 ,8-diazabicyclo[5.4.0]-7-undecene (DBU), 1 ,5-diazabicyclo[4.3.0]-5-nonene (DBN), imidazole and the de- 
rivatives thereof. Among the above-mentioned compounds, preferred are tertiary amines, N,N-dimethylamino pyridine 
and superstrong bases (DABCO, DBU, DBN and the like). 

[0273] When the fluorinated copolymer film is produced from a copolymer comprising monomer units (A) in which 
at least one of R 7 and R 8 is a substituted silyl group, among the compounds represented by the formula Q + Y _ , it is also 
effective to employ a compound in which Y* represents a fluoride ion (i.e., a fluoride ion-containing compound). Exam- 
ples of such compounds include metal fluorides, such as lithium fluoride, sodium fluoride, potassium fluoride, rubidium 
fluoride and cesium fluoride; quaternary ammonium fluorides, such as tetrabutylammonium fluoride and tetramethyl- 
ammonium fluoride; and quaternary phosphonium fluorides, such as tetrabutylphosphonium fluoride and teramethyl- 
phosphonium fluoride. Among the above-mentioned compounds, preferred are potassium fluoride and cesium fluoride, 
and more preferred is potassium fluoride. 

[0274] The modification treatment may be performed by using a solvent. With respect to the type of solvent used, 
there is no particular limitation, and there can be used various solvents. Examples of solvents include fluorine-containing 
solvents, such as HCFC225ca/cb and HFC43-10mee; ether type solvents, such as a glyme and a dioxane; and polar 
solvents, such as dimethylsulfoxide and dimethylform amide. However, when the modification treatment is performed 
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in the presence of a large amount of water, the substituent (12) of the copolymer becomes hydrolyzed markedly, ren- 
dering it impossible to obtain the desired improvement of the thermal stability. Therefore, it is preferred that the entering 
of water into the reaction system is suppressed to a level as low as possible. 

[0275] The modification treatment is generally performed at a temperature which is 0 °C or higher, preferably 40 °C 
or higher, more preferably 60 °C or higher, and which is 200 °C or lower, preferably 150 °C or lower. When a fluoride 
ion-containing compound is used as a basic compound, it is preferred that the modification treatment is performed at 
a temperature which is slightly higher than the temperature used for the modification treatment performed with a ni- 
trogen-containing organic Lewis base. 

[0276] The reason why the thermal stability, especially the mechanical strength at high temperatures, becomes im- 
proved by the above-mentioned modification treatment has not yet been fully elucidated, but it is presumed that a 
crosslinking structure is formed by the reactions represented by formulae (26) and (27) below. Indeed, the formation 
of a bissulfonyl imide linkage shown in formulae (26) and (27) below has been confirmed from the IR spectrum of the 
modified copolymer film.; 



R 7 Base ? 
-S0 2 F + — S0 2 nC h ► — S0 2 -N-S0 2 — (26) 

-HF/saltofthe base 



R 7 



R 7 F- (catalyst) I 

-S0 2 F + — S0 2 !< * S0 2 -N-S0 2 - (27) 

S,Me 3 -MesSiF 



wherein R 7 is as defined above for formula (11). 
[0277] In the case where R 7 in the above formulae (26) and (27) is an alkyl group or a substituted silyl group, when 
the modification treatment of the fluorinated copolymer film is followed by an acid treatment of the modified copolymer 
film, a bissulfonyl imide linkage containing an N-H group is formed, as shown in the following formula (28) and (29): 



R TT+ H 

— S0 2 -NKSO 2 — — S0 2 -N-SO<>— (28) 

elimination of olefin or alky! 
cation 



wherein R represents an alkyl group; and 



SiMe 3 
-S0 2 -N-S0 2 - 



H,0 



H 
I 



— S0 2 -N-S0 2 - (29). 



[0278] The fluorinated copolymer of the present invention can be used to formulate a resin composition having ex- 
cellent dispersibility, together with another polymer containing monomer units derived from the sulfonyl fluoride (5) 
above (for example, a copolymer of TFE and sulfonyl fluoride (5)). Such resin composition can be processed by a 
method in which a copolymer film is produced from such resin composition, and the obtained copolymer film is subjected 
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to a modification treatment in the above-mentioned manner. 

[0279] For producing a soiid polymer electrolyte membrane, the fluorinated copolymer film which has been subjected 
to the modification treatment is further subjected to an alkali treatment and/or an acid treatment in the same manner 
as in the generally employed method for producing a membrane for use in a fuel cell, to thereby convert the fiuorinated 
copolymer film into a solid polymer electrolyte membrane. In general, a solid polymer electrolyte membrane having 
sulfonic acid groups in the form of a salt thereof can be obtained by subjecting the modified fluorinated copolymer film 
(which has been modified by the above-mentioned modification treatment) to an alkali treatment. On the other hand, 
a solid polymer electrolyte membrane having free sulfonic acid groups can be obtained by subjecting the modified 
fluorinated copolymer film to an acid treatment. However, for efficiently producing a solid polymer electrolyte membrane 
having free sulfonic acid groups under moderate conditions, in general, a method is employed in which a modified 
fluorinated copolymer film is first treated with an alkaline compound to thereby obtain a solid polymer electrolyte mem- 
brane having sulfonic acid groups in the form of a salt thereof and, then, the obtained solid polymer electrolyte mem- 
brane is treated with an .acid to thereby obtain a solid polymer electrolyte membrane having free sulfonic acid groups. 
[0280] As an alkaline compound, there can be used inorganic alkaline compounds, such as NaOH and KOH; and 
amines, such astriethylamine and diethylamine. The alkaline compounds are generally used in the form of an aqueous 
solution thereof. The alkali treatment can be performed under conditions which are generally employed for treating a 
conventional polymer containing an -S0 2 F group. For example, the alkali treatment is performed in an aqueous NaOH 
solution or an aqueaus KOH solution at a temperature in the range of from room temperature to 1 00 °C. The aqueous 
NaOH solution and the aqueous KOH solution may contain an organic solvent, such as an alcohol, a water-soluble 
ether, dimethylformamide and dimethylsulfoxide. 

[0281] The acid treatment is generally performed in an aqueous solution of a strong acid, such as hydrochloric acid, 
sulfuric acid or trifluoromethanesulfonic acid, at a temperature in the range of from room temperature to 100 °C. After 
the acid treatment, the treated film is washed thoroughly with water to thereby obtain a desired solid polymer electrolyte 
membrane having free sulfonic acid groups. 

[0282] The thus obtained solid polymer electrolyte membrane exhibits improved mechanical strength at high tem- 
peratures and can be advantageously used as a membrane for use in a fuel cell. 

[0283] The fluorinated polymer obtained by using the perfluorovinyi ether monomer of the present invention, irre- 
spective of whether or not the fluorinated polymer has been subjected to modification treatment, can be used not only 
for producing a membrane for use in a fuel cell, but can also be used in a wide variety of fields, such as various materials 
for electrochemical elements, such as a binder for a catalyst in a fuel cell, and a solid polymer electrolyte for use in a 
lithium ion battery; various separation membranes, such as an ion-exchange membrane for a chlor-alkali process and 
an anti-ozone separation membrane; and ion-exchange resins. 

[0284] Hereinbelow, an explanation is made on the other uses for the fluorinated polymer obtained by using the 
monomer (1) of the present invention. 

[0285] The fluorinated polymer obtained by using the monomer (1 ) of the present invention can be used as a material 
for various functional resins and functional films, even without subjecting the fluorinated polymer to a modification 
treatment, 

[0286] A fluorinated polymer obtained by using the monomer (1) wherein at least one of R 1 and R 2 is a hydrogen 
atom, can be used as a weakly acidic ion-exchange fluorinated polymer, because the hydrogen atoms as R 1 and/or 
R 2 exhibit weak acidity. An example of a use of such polymer include a use in the apparatus for the electrolysis of 
sodium chloride, which is disclosed in U.S. Patent No. 3,784,399. Specifically, the above-mentioned polymer can be 
used as a material for a weakly acidic ion-exchange fluorinated polymer layer formed on the surface of a membrane 
for the electrolysis of sodium chloride, the polymer layer being formed for improving the efficiency of the electrolysis. 
[0287]* In addition, such a weakly acidic ion-exchange resin may be molded into spherical microp articles, and the 
obtained spherical microparticles can be used as an ion-exchange resin for separation and purification. 
[0288] Further, with respect to the (co)potymer produced using the monomer (1) of the present invention, the 
-S0 2 NR 1 R 2 moiety thereof can be converted into various functional groups as shown in the below-mentioned items 
a), b) and c), in accordance with the use of the (co)polymer. 

a) Conversion into a strongly acidic ion-exchange polymer 

[0289] The -S0 2 NR 1 R 2 group of the fluorinated polymer produced from the monomer (1) of the present invention 
can be converted into a strongly acidic -S0 3 H group, and the resultant modified polymer can be used in a wide variety 
of fields, such as a membrane for use in a fuel cell, a membrane for use in an apparatus for the electrolysis of sodium 
chloride, a strongly acidic catalyst and an ion-exchange resin for separation and purification. 
[0290] The conversion of the -S0 2 NR 1 R 2 group into the -S0 3 H group can be performed, for example, under acidic 
conditions or alkaline conditions or in an acidic atmosphere or in the presence of water. These conditions can be used 
individually or in combination. The difficulty of the conversion reaction varies depending on the structure of the 



46 



10 



15 



25 



40 



45 



50 



EP 1 359 142 A1 

-S0 2 NR 1 R 2 group and, thus, the reaction conditions need to be selected in accordance with the structure of the 
-S0 2 NR 1 R2 group. It is especially preferred that the -NR^R 2 group is a nitrogen-containing aromatic group, such as 
an imidazolyl group or a pyrolyl group, because, in such case, the -S0 2 NR1R 2 group can be converted efficiently into 
the -S0 3 H group under moderate temperature conditions in an acidic atmosphere. 

b) Conversion into a weakly acidic ton-exchange polymer 

[0291] A fluorinated polymer obtained by using the monomer (1) wherein at least one of R 1 and R 2 is an alkyt group 
or a substituted silyl group, can be subjected to the below-mentioned treatment with a protic compound, such as an 
acid, an alcohol or water, to thereby dealkylate or desilylate the polymer and convert the fluorinated polymer into an 
NH group-containing polymer. The resultant weakly acidic, NH group-containing polymer can be used in various fields 
which are mentioned above in connection with the weakly acidic ion-exchange resin. 

<Examp!es of conversions into an -S0 2 NH- group> 

[0292] 



20 R 1 R 1 

I " Acid I 

— S0 2 N-CH 2 CH 3 ^ u » — S0 2 N-H (30) 

~~ CH 2 =CH 2 



R 1 u „ R 1 



— S0 2 N-SiMe 3 >- — S0 2 N-H (3L) 



35 wherein R 1 is as defined above for formula (1). 

c) Other modifications of polymer 



[0293] A fluorinated polymer obtained by using the monomer (1) wherein at least one of R 1 and R 2 is a hydrogen 
atom or a substituted silyl group, has a highly reactive N-H group or N-Si linkage. By virtue of such a highly reactive 
structure, the fluorinated polymer can be reacted with various compounds to thereby modify the polymer structure of 
the fluorinated polymer. Further, when the -NR 1 R 2 group is a nitrogen-containing aromatic group, such as imidazolyl 
group or a pyrolyl group, the -NR 1 R 2 group can be easily converted into other functional groups by reacting the fluor- 
inated polymer with an active hydrogen-containing compound (acidic compound), such as hydrogen chloride (HCI). 
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<Examples of conversions into a bissulfonyl imido group and a sulfonylcarbonyl imido group> 
[0294] 



R 1 

— S0 2 N-W + FCORf 2 

F®(whenW = SiMe3 ) R (32) 

— SOaNCORf 2 



Base (when W = H) 



— S0 2 N-W + FSOaRf 2 

when W = SiMe3 ) i 

— SOoNSOjRf 2 (33) 



Base (whenW = H) 



— S0 2 N-W + FC-|-Rf 3 -S02NCO-[^-Rf 3 -S02F 
F®(whenW = SiMe3 ) ? f . *f 



(34) 



Base (when W = H) 



— SOaNCoj-Rf 3 -S0 2 NCO j-^Rf 3 -S0 2 F 



R 1 



— S0 2 N-W + FS0 2 -j-Rf 3 -SO 2 NSO 2 J^Rf 3 -SO 2 F 



F®(whenW = SiMe3 ) ? 



1 R 2 



(35) 



Base (when W = H) 



S0 2 NS0 2 j-Rf 3 -S0 2 NS0 2 |^Rf 3 -SO 2 F 



wherein: 



R 1 and R 2 are as defined above for formula (1 ); 

each Rf 2 independently represents a perfluoroalkyl group, a perfluoroalkoxyl group or a perfluoropolyoxyalkylene 
group, each having 1 to 15 carbon atoms, preferably 1 to 8 carbon atoms, more preferably 1 to 4 carbon atoms; 
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each Rf 3 independently represents a perfluoroalkylene group, a perfluorooxyalkylene group or a perfluoropolyoxy- 
alkylene group, each having 1 to 15 carbon atoms, preferably 1 to 8 carbon atoms, more preferably 1 to 4 carbon 
atoms; and 

A is an interger of from 0 to 20, preferably 0 to 5, more preferably 0 to 2. 

[0295] In the formulae (32) to (35) above, when R 1 in the N-R1 group of the reaction product is an alkyl group, the 
reaction product can be subjected to a dealkylation reaction by contacting the reaction product with an acid catalyst 
or by heating; thereby easily converting the N-R 1 group into the N-H group. 

<Example of a reaction of an imidazole derivative> 

[0296] 



- \^N 



wherein HX represents an active hydrogen-containing compound (acidic compound), such as hydrogen chloride. 
[0297] If desired, before the use of the monomer (1 ) of the present invention, the -S0 2 NR 1 R 2 group thereof may be 
converted into other functional groups by using the modification methods as described in items b) and c) above. 
[0298] As explained hereinabove, the perfluorovinyl ether monomer (1) of the present invention can be used for 
producing various functional materials, such as a solid polymer electrolyte (membrane) haying high thermal stability 
and, thus, the perfluorovinyl ether monomer (1) of the present invention is very useful. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0299] Hereinbelow, the present invention will be described in more detail with reference to the following Examples, 
Comparative Examples and Reference Example, but they should not be construed as limiting the scope of the present 
invention, 

[0300] In the Examples, Comparative Examples and Reference Example, various measurements were conducted 
by the following methods. 

1. Fluorine-19 and proton nuclear magnetic resonance ( 19 F- and 1 H-NMR) spectra 

[0301] The 19 F-NMR spectrum of a monomer was obtained using a nuclear magnetic resonance (NMR) apparatus 
(Lambda-400 or GSX-400; manufactured and sold by JEOL LTD., Japan). In the 19 F-NMR analysts, deuterated chlo- 
roform was used as a solvent, and Freon-11 (CFCI 3 ) was used as a standard. 

[0302] The 1 H-NMR spectrum of a monomer was obtained using a nuclear magnetic resonance (NMR) apparatus 
(Lambda-400 or GSX-400; manufactured and sold by JEOL LTD., Japan). In the 1 H-NMR analysis, deuterated chlo- 
roform was used as a solvent, and tetramethylsilane (TMS) or chloroform (contained in the above-mentioned deuterated 
chloroform) was used as a standard. 

[0303] In the NMR analyses of a monomer, a double sample tube was used. 

[0304] The 19 F-NMR spectrum of a solid polymer was obtained by the magic angle spinning (MAS) method using a 
nuclear magnetic resonance (NMR) apparatus (DSX-400; manufactured and sold by BRUKER BIOSPIN, Germany). 
In the 19 F-NMR analysis, Freon-11 3 (CFCI 2 CF 2 CI) was used as a standard. 

2. Infrared absorption spectrum 

[0305] The infrared absorption spectrum (IR) was obtained by the transmission method (i.e., the KBr tablet method 
or film method, in which a sample (neat sample) was directly coated on a window used in the IR analysis) or the 
attenuated total reflectance method, using a FT-IR spectrometer (2000FT-IR; manufactured and sold by Perkin Elmer, 
U.S.A., or FTS-6000; manufactured and sold by BIO-RAD, U.S.A.). 
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3. Gas chromatography (GC) 

[0306] The gas chromatography was conducted under the following conditions. 

Apparatus: 5890 series II (manufactured and sold by HEWLETT PACKARD, U.S.A.) 
5 Column: capillary column DB-1 (inner diameter: 0.25 mm, column length: 30 m, film thickness: 1 urn) (manufac- 

tured and sold by J & W Scientific, U.S.A.) 

Carrier gas: helium 

Detector: flame ionization detector (FID) 

10 4. Gas chromatography-Mass spectrometry (GC-MS) 

[0307] The GC-MS was conducted under the following conditions. 

Apparatus: Automass-Sun (manufactured and sold by JEOL LTD., Japan) 

Column: capillary column DB-1 (inner diameter: 0.25 mm, column length: 30 m, film thickness: 1 jim) (manufac- 
15 tured and sold by J & W Scientific, U.S.A.) 
Carrier gas: helium 

5. Tensile modulus 

20 [0308] A rectangular test specimen having a size of about 30 mm x 3 mm was cut out from a sample (a copolymer 
film). The tensile modulus of the test specimen was measured using a dynamic viscoelasticity measuring apparatus 
(RHEOVIBRON DDV-01FP) (tradename; manufactured and sold by A&D CO., Ltd., Japan) under conditions wherein 
the temperature was in the range of from room temperature to 300 °C and the frequency was 35 Hz. 

25 6. Melt index (Ml) 

[0309] The melt index was measured using D4002 (manufactured and sold by Dynisco, U.S.A.) under conditions 
wherein the temperature was 270 °C, the load was 2.16 kg and the orifice diameter was 2.09 mm. 

30 Example 1 

(I) Neutralization reaction 

[0310] 103.8 g of a compound represented by the following formula: CF3CF(COF)OCF 2 CF2S0 2 F was dropwise 
35 added to a slurry comprising 31 .8 g of sodium carbonate and 1 50 ml of acetonitrile, under a stream of nitrogen gas at 
room temperature to thereby obtain a mixture. The obtained mixture was stirred at room temperature for 1 hour and 
then stirred at 40 °C for 1 hour to effect a reaction, thereby obtaining a reaction mixture. The obtained reaction mixture 
was subjected to filtration to thereby remove a precipitate which was formed during the reaction. Then, the solvent in 
the reaction mixture was distilled off under reduced pressure, thereby obtaining 96.0 g of a white solid. From 
40 the 19 F-NMR spectrum of the solid, it was confirmed that the solid was a sodium carboxylate represented by the fol- 
lowing formula: CF 3 CF(C0 2 Na)OCF 2 CF 2 S0 2 F. 

19 F-NMR: 8(ppm)-125.5(1F), -112.7(2F), -82.9(3F), -81.7, -79.7(2F), 43.7(1 F). 

(II) Amldation reaction 

45 

[031 1 ] 1 1 .0 g of diethylamine was dissolved in 1 50 ml of anhydrous tetrahydrof uran to obtain a solution. The obtained 
solution was cooled to -78 °C. 1 00 ml of a (1 .6 moles/liter) solution of n-butyllithium (BuLi) in n-hexane was dropwise 
added to the solution under a stream of nitrogen gas, and the resultant mixture was stirred at -78 °C for 1 hour to obtain 
a solution. On the other hand, 54.9 g of the above-mentioned sodium carboxylate was dissolved in 1 50 ml of anhydrous 

50 tetrahydrofuran to obtain a solution. The obtained solution was dropwise added to the above-mentioned solution at 
-78 °C to thereby obtain a mixture. The temperature of the obtained mixture was elevated to room temperature, and 
the obtained mixture was stirred at room temperature for 5 hours to effect a reaction, thereby obtaining a reaction 
mixture. The obtained reaction mixture was subjected to filtration to thereby remove a precipitate which was formed 
during the reaction. Then, the solvent in the reaction mixture was distilled off under reduced pressure to thereby obtain 

55 a residue. The residue was subjected to a vacuum drying at 70 °C, thereby obtaining 63.6 g of a yellow solid. From 
the 19 F-NMR spectrum and an IR spectrum of the solid, it was confirmed that the solid was a sulfonamide represented 
by the following formula: CF 3 CF(C02Na)OCF 2 CF 2 S0 2 N(C 2 H 5 )2. 

19 F-NMR: S(ppm)-125.2(1F), -116.1(2F), -82.2(3F), -82(1 F), -79(1 F). 
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IR(KBr): 2990, 1695, 1382, 1223, 1162 cm* 1 . 
(Ill) Decarboxylation-vinylatlon reaction 

[031 2] 20.4 g of the sulfonamide obtained in the step (II) above was introduced into a flask.equipped with a distillation 
head, and the flask was heated under a pressure of 8 x 10-3 MPa at 200 °C, to generate a vapor. The vapor was 
condensed and recovered as a distillate, thereby obtaining 11.2 g of a pale yellow liquid. From the 19 F-NMR 
and 1 H-NMR -spectra and the IR spectrum of the liquid and the GC-MS chart of the liquid, it was confirmed that the 
main component of the liquid was a perfluorovinyl ether represented by the following formula: CF 2 =CFOCF 2 CF 2 S0 2 N 



19 F-NMR; 6 (ppm) -137 (1F), -124 (1F), -117.6 (2F), -116 (1F), -85.3 (2F). 
1 H-NMR: 6 (ppm) 1 .27 (3H), 3.3 -3.7 (2H). 
IR (neat):_2988, .1390, 1215, 1166 cm' 1 . 
EI-MS: m/z 136, 100, 97, 81 , 44, 29. 
[0313] Further, it was also confirmed that the above-mentioned liquid contained a small amount of a proton-substi- 
tuted product represented by the following formula: CF 3 CHFOCF 2 CF 2 S0 2 N(C 2 H 5 ) 2 (perfluorovinyl ether : proton-sub- 
stituted product = 94 : 6). However, it was confirmed that the above-mentioned liquid did not contain a cyclization 
reaction product. _ 



[0314] 7.5 g of the perfluorovinyl ether obtained in Example 1 (which was purified by redistillation), 22 g of 
HFC43-10mee and 2.2 g of a 5 % (CF 3 CF 2 CF 2 COO) 2 solution in HFC43-10mee (wherein (CF 3 CF 2 CF 2 COO) 2 is a 
polymerization initiator) were introduced into a 200 ml volume pressure resistant vessel which was made of a stainless 
steel and which was equipped with a gas introduction pipe. The atmosphere in the pressure resistant vessel was fully 
replaced by nitrogen. Tetrafluoroethylene (TFE) was introduced into the pressure resistant vessel through the gas 
introduction pipe so that the internal pressure of the pressure resistant vessel was elevated to 0.5 MPa. Then, a reaction 
was performed at 25 °C for 3.5 hours while stirring and appropriately introducing TFE so as to maintain the internal 
pressure of the pressure resistant vessel at 0.5 MPa. 

[0315] Thereafter, the introduction of TFE was stopped and the internal pressure of the pressure resistant vessel 
was lowered to atmospheric pressure, to obtain a reaction mixture (a white turbid liquid). Methanol was added to the 
obtained reaction mixture to precipitate a solid. The solid was recovered by filtration and washed with methanol, followed 
by drying, to obtain 0.7 g of a white solid. 

[0316] From the 19 F-NMR spectrum of the solid, it was confirmed that the solid was a copolymer comprising a mon- 
omer unit (a sulfonamide unit) which was derived from the perfluorovinyl ether obtained in Example 1 and a monomer 
unit (a TFE unit) which was derived from TFE. It was also confirmed that the ratio between sulfonamide units and TFE 
units (sulfonamide unit : TFE unit molar ratio) was 1 : 8, 

[0317] Further, the copolymer was subjected to a press molding at 250 °C, to obtain a copolymer film. 
Comparative Example 1 

[0318] 2.0 g of the sodium carboxylate synthesized in the step (I) of Example 1 was introduced into a flask equipped 
with a distillation head. The flask was heated under atmospheric pressure at 200 °C to generate a vapor. The vapor 
was condensed and recovered as a distillate, thereby obtaining 0.8 g of a colorless liquid. From the 19 F-N MR spectrum 
of the solution, it was confirmed that the liquid was a cyclization reaction product represented by the following formula: 



(C 2 H 5 ) 2 . 



Example 2 




F 2 C 



CF 2 



19 F-NMR: 8(ppm)-125(1F), -120(1 F), -115.3(1 F), -90(1 F), -80.5(3F), -78(1 F). 
[0319] It was found that the liquid contained no perfluorovinyl ether obtained in Example 1 . 
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Example 3 

(I) Amidation reaction 

[0320] 1 3.7 ml of a (2 moles/liter) solution of dimethylamine in THF was diluted with 60 ml of THF to obtain a solution 
The obtained solution was cooled to -78 °C. 18.8 ml of a (1 .6 moles/liter) solution of n-BuLi in n-hexane was dropwise 
added to the solution under a stream of nitrogen gas, and the resultant mixture was stirred at -78 °C for 1 hour, to 
obtain a solution. On the other hand, 1 0 g of the sodium carboxylate obtained in the step (II) of Example 1 was dissolved 
in 40 ml of anhydrous THF to obtain a solution. The obtained solution was dropwise added to the above-mentioned 
solution at -78 °C to obtain a mixture. The temperature of the obtained mixture was elevated to room temperature, and 
the obtained mixture was stirred at room temperature for 5 hours to effect a reaction, thereby obtaining a reaction 
mixture. The obtained reaction mixture was subjected to filtration to thereby remove a precipitate which was formed 
during the reaction. Then, the solvent in the reaction mixture was distilled off under reduced pressure to thereby obtain 
a residue. The residue was subjected to a vacuum drying at 70 °C, thereby obtaining 10.9 g of a yellow solid. From 
the 19 F-NMR spectrum of the solid, it was confirmed that the solid was a sulfonamide represented by the following 
formula: CF 3 CF(C0 2 Na)OCF 2 CF 2 S0 2 N(CH3) 2 . 

19 F-NMR; 5(ppm)- 1 25.8(1 F), -115.2(2F), -82.1(3F), -82(1F), -80(1F). 

(II) Decarboxylation-vinylation reaction 

[0321] 2.0 g of the sulfonamide obtained in the step (I) above was introduced into a flask equipped with a distillation 
head, and the flask was heated under a pressure of 4 x 10-3 M p a at 250 °C, to generate a vapor. The vapor was 
condensed and recovered as a distillate, thereby obtaining 0.77 g of a pale yellow liquid. From the 19 F-NMR spectrum 
of the liquid, it was confirmed that the main component of the liquid was a perfluorovinyl ether represented by the 
following formula: CF 2 =CFOCF 2 CF 2 S0 2 N(CH 3 ) 2 . 

19 F-NMR: 5(ppm)-137(1F), -124(1 F), -116.7(2F), -116(1F), -85.8(2F). 
[0322] Further, it was also confirmed that the above-mentioned liquid contained a small amount of a proton-substi- 
tuted product represented by the following formula: CF 3 CHFOCF 2 CF 2 S0 2 N(CH 3 ) 2 (perfluorovinyl ether : proton-sub- 
stituted product = 89 : 1 1 ). However, it was confirmed that the above-mentioned liquid contained no cyclization reaction 
product. 

Example 4 

(I) Amidation reaction 

[0323] Amidation reaction was performed in substantially the same manner as in the step (I) of Example 3, except 
that 2.54 g of aniline was used instead of the solution of dimethylamine in THF, thereby obtaining 13.0 g of a yellow 
solid. From the 19 F-NMR spectrum of the solid, it was confirmed that the solid was a sulfonamide represented by the 
following formula: 



19 F-NMR: 5(ppm)-131.2(1F), -115.5(2F), -86(1 F), -82.3(3F), -75(1 F). 
(II) Decarboxylation-vinylation reaction 

[0324] 2.0 g of the sulfonamide obtained in the step (I) above was dissolved in 1 0 ml of diglyme to obtain a solution. 
The obtained solution was heated under a stream of nitrogen gas at 1 50 °C, thereby obtaining a reaction mixture. The 
obtained reaction mixture was analyzed by gas chromatography (GC). As a result, the presence of two different products 
was confirmed. However, these products were different from the cyclization reaction product obtained in Comparative 
Example 1. 
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[0325] The solvent was distilled off from the reaction mixture under reduced pressure, and the residue was subjected 
to distillation under reduced pressure to thereby obtain 0.4 g of a yellow liquid. From the 19 F-NMR spectrum of the 
liquid, it was confirmed that the main component of the solution was a perfluorovinyl ether represented by the followinq 
formula: 



CF 2 =CFOCF 2 CF 2 S0 2 NH 




19 F-NMR: 6(ppmj-136(1F), -122(1 F), -114.8(2F), -113(1F), -83.7(2F). 
[0326] Further, it was also confirmed that the above-mentioned yellow liquid contained a small amount of a proton- 
substituted product represented by the following formula: 



CF 3 CHFOa= 2 CF 2 S0 2 NH 




However, it was confirmed that the above-mentioned yellow liquid contained no cyclization reaction product. 
Example 5 

(I) Amidation reaction 

^[0327] Amidation reaction was performed in substantially the same manner as in the step (!) of Example 3, except 
that 2.0 g of t-butylamine was used instead of the solution of dimethylamine in THF, thereby obtaining 11 .3 g of a yellow 
solid. From the 19 F-NMR spectrum of the solid, it was confirmed that the solid was a sulfonamide represented by the 
following formula: 



CF 3 CF(CO 2 Na)0CF 2 CF 2 SO 2 NH t Bu 

wherein *Bu represents a t-butyl group and, hereinafter, a t-butyl group is represented by Mt Bu" 
19 F-NMR: 5(ppm)-131.2(1F), -116(2F), -86(1F), -82.4(3F), -76(1F). 

(II) Decarboxylation-vinylation reaction 

[0328] Decarboxylation-vinylation reaction was performed in substantially the same manner as in the step (II) of 
Example 3, except that 2.2 g of the sulfonamide obtained in the step (I) above was used instead of 2.0 g of the sulfon- 
amide obtained in the step (I) of Example 3, thereby obtaining 0.57 g of a light yellow liquid. From the 19 F-NMR spectrum 
of the liquid, it was confirmed that the main component of the liquid was a perfluorovinyl ether represented by the 
following formula: CF 2 =CFOCF 2 CF 2 S0 2 NH t Bu. 

19 F-NMR: 5(ppm)-136(1F), -122(1F), -116.3(2F), -115(1 F), -83.9(2F). 
[0329] Further, it was also confirmed that the above-mentioned liquid contained a small amount of a proton -substi- 
tuted product represented by the following formula: CF 3 CHFOCF 2 CF 2 S0 2 NH t Bu. However, it was confirmed that the 
above-mentioned liquid contained no cyclization reaction product. 

Example 6 

[0330] 1 .7 g of a dispersion of sodium hydride in a mineral oil (sodium hydride content: 60 %) was washed with n- 
hexane under a stream of nitrogen gas so as to remove the mineral oil and obtain a sodium hydride powder. 150 ml 
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of anhydrous acetonitrile was added to the obtained sodium hydride powder to obtain a mixture. The obtained mixture 
was cooled to 0 °C and 2.7 g of pyrrole was dropwise added to the mixture. Then, the temperature of the resultant 
solution was elevated to room temperature, and the solution was stirred for 1 hour, thereby obtaining a pyrrole sodium 
amide solution. 

[0331] On the other hand, 1 5 g of the sodium carboxylate obtained in the step (II) of Example 1 was dissolved in 
100 ml of anhydrous acetonitrile, to obtain a solution. To the obtained solution was dropwise added the above-men- 
tioned pyrrole sodium amide solution at 0 °C. The temperature of the resultant mixture was elevated to room temper- 
ature, followed by stirring at room temperature for 12 hours to effect a reaction, thereby obtaining a reaction mixture. 
The obtained reaction mixture was subjected to filtration to thereby remove a precipitate which was formed during the 
reaction. Then, the solvent in the reaction mixture was distilled off under reduced pressure to thereby obtain a residue. 
The obtained residue was subjected to a vacuum drying at 50 °C, thereby obtaining 18.3 g of a brown solid. From 
the 19 F-NMR spectrum of the solid, it was confirmed that the solid was a sulfonamide represented by the following 
formula: . 



19 F-NMR: 5(ppm)-1 25.3(1 F), -115.1(2F), -82.3(3F), -81 (1F), -79(1 F). 
(II) Decarboxylation -vinylation reaction 

[0332] 2.1 g of sulfonamide obtained in the step (I) above was introduced into a flask equipped with a distillation 
head and the flask was heated under a pressure of 2.6 x 10-3 M Pa at 230 °C to generate a vapor. The vapor was 
condensed and recovered as a distillate, thereby obtaining 0.4 g of a light yellow liquid. From the 19 F-NMR and 1 H-NMR 
spectra of the liquid, it was confirmed that the main component of the liquid was a perfluorovinyl ether represented by 
the following formula: 



19 F-NMR: 5(ppm) -137(1 F), -122(1F), -115.9(2F), -115(1F). -84.5(2F). 

1 H-NMR: 5(ppm) 6.47(2H), 7.13(2H). 
[0333] Further, it was also confirmed that the above-mentioned liquid contained a small amount of a proton-substi- 
tuted product represented by the following formula: 



NaOC-CFOCF 2 CF 2 S0 2 N 
O CF 3 






However, it was confirmed that the above-mentioned liquid contained no cyclization reaction product. 
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Example 7 

(I) Neutralization reaction 

5 [0334] Neutralization reaction was performed in substantially the same manner as in the step (I) of Example 1 , except 
that 20.0 g of the compound represented by the following formula: CF 3 CF(COF)OCF 2 CF 2 CF 2 S02F was used in stead 
of 103.8 g of the compound represented by the following formula: CF 3 CF(COF)OCF 2 CF 2 S0 2 F, thereby obtaining a 
- white solid. As a result of the NMR and IR analyses, it was confirmed that the solid was a sodium carboxylate repre- 
sented by the following formula: CF 3 CF(C0 2 Na)OCF 2 CF 2 CF 2 S0 2 F. 

w 

(II) Amidation reaction 

[0335] Amidation reaction was performed in substantially the same manner as in the step (II) of Example 1 , except 
that 1 5.0 g of the sodium carboxylate obtained in the step (I) above was used instead of 54.9 g of the sodium carboxylate 
15 obtained in the step (I) of Example 1 , thereby obtaining a yellow solid. As a result of the NMR and IR analyses, it was 
confirmed that the solid was a sulfonamide represented by the following formula: CF 3 CF(C0 2 Na)OCF 2 CF 2 CF 2 S0 2 N 
(C 2 H 5 ) 2 . 

(III) Decarboxylation-vinylation reaction 

20 

[0336] Decarboxylation-vinylation reaction was performed in substantially the same manner as in the step (III) of 
Example 1 , except that 11 .4 g of the sulfonamide obtained in the step (II) above was used instead of 20.4 g of the 
sulfonamide obtained in the step (II) of Example 1 , thereby obtaining a light yellow liquid. As a result of the NMR and 
IR analyses, it was confirmed that the main component of the liquid was a perfluorovinyl ether represented by the 
25 following formula: 

CF 2 =CFOCF 2 CF 2 CF 2 S0 2 N(C 2 H 5 ) 2 . 

30 [0337] Further, it was also confirmed that the above-mentioned liquid contained a small amount of a proton -substi- 
tuted product represented by the following formula: CF 3 CHFOCF 2 CF 2 CF 2 S0 2 N(C 2 H 5 ) 2 . However, it was confirmed 
that the above-mentioned solution contained no cyclization reaction product. 

Example 8 

35 

(I) Amidation reaction 

[0338] 54.9 g of the sodium carboxylate obtained in the step (II) of Example 1 was dissolved in 150 ml of anhydrous 
THF to thereby obtain a solution. The obtained solution was cooled to 0 °C, and 150 ml of a (1 M) solution of sodium 

40 hexamethyl disilazide in TH F was dropwise added to the solution . The temperature of the resultant mixture was elevated 
to room temperature, followed by stirring for 12 hours to effect a reaction, thereby obtaining a reaction mixture. The 
obtained reaction mixture was subjected to filtration to thereby remove a precipitate which was formed during the 
reaction. Then, the solvent in the reaction mixture was distilled off under reduced pressure to thereby obtain a residue. 
The obtained residue was subjected to vacuum drying at 80 °C, thereby obtaining 67.5 g of a yellowish brown solid. 

45 As a result of the NMR and IR analyses, it was confirmed that the solid was a compound having a sulfonamide structure, 
and that the solid does not contain any unreacted sodium carboxylate. 

(II) Decarboxylation-vinylation reaction 

so [0339] 66 g of the compound obtained in step (I) above was dissolved in 300 ml of diglyme to thereby obtain a 
solution. The obtained solution was heated under a stream of nitrogen gas at 150 °C for 1 hour to effect a reaction, 
thereby obtaining a reaction mixture. From the 19 F-NMR analysis of the reaction mixture, it was confirmed that the 
reaction mixture contained two different products each having a perfluorovinyl group present (both of which were not 
identified). 

55 [0340] The solvent in the reaction mixture was distilled off under reduced pressure to thereby obtain a residue. To 
the obtained residue was added water, followed by addition of hydrochloric acid to thereby render acidic the resultant 
mixture. The obtained acidic mixture was subjected to extraction with HFC43-10mee. The solvent in the resultant 
extract solution was distilled off under reduced pressure to thereby obtain a residue. The obtained residue was sub- 
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jected to distillation under reduced pressure of 1 .3 x 10' 3 MPa, so as to recover a fraction having a boiling point of 
from 130 to 133 °C, thereby obtaining 21 .1 g of a slightly yellow liquid. From the 19 F-NMR spectrum and GC-MS of 
the liquid, it was confirmed that the main component of the liquid was a perf luorovinyl ether represented by the following 
formula: 

5 

CF 2 =CFOCF 2 CF 2 S0 2 NH 2 . 

19 F-NMR: 5 (ppm) -1 37 (1 F), -124 (1 F), -118.6 (2F), -116 (1 F), -84.8 (2F). 
W EI-MS: m/z 180, 100, 97, 81, 80, 64, 16 

[0341] Further, it was also confirmed that the above-mentioned liquid contained a small amount of a proton-substi- 
tuted product represented by the following formula: 

CF 3 CHFOCF 2 CF 2 S0 2 NH 2 . However, it was confirmed that the above-mentioned liquid contained no cyclization reac- 
tion product. 

15 

Example 9 

[0342] Substantially the same procedures as in the steps (I) and (II) of Example 8 were repeated, except that the 
distillation of the residue (obtained by distilling off the solvent from the extract solution) under reduced pressure of 1 .3 
20 x 1 0" 3 M Pa was not performed in the step (II). The main component of the obtained residue was the same perf luorovinyl 
ether as obtained in Example 8. However, the residue contained impurities, such as the proton-substituted product 
mentioned in Example 8. 

[0343] 70 g of hexamethyl disilazane was added to 44 g of the above-mentioned residue to effect a reaction at 100 
°C for 2 hours to thereby obtain a reaction mixture. From the obtained reaction mixture, the unreacted hexamethyl 
25 disilazane was distilled off to thereby obtain a residue. The obtained residue was subjected to distillation under reduced 
pressure of 3.9 x 1 0 -4 MPa, so as to recover a fraction having a boiling point of from 1 1 5 to 1 1 8 °C, thereby obtaining 
a light yellow liquid. From the 19 F-NMR and GC-MS of the liquid, it was confirmed that the liquid was a perfluorovinyl 
ether represented by the following formula: CF 2 =CFOCF 2 CF 2 S0 2 NHSiMe 3 , 

19 F-NMR: 8 (ppm) -136 (1F), -123.5 (1F), -117.6 (2F), -116 (1 F), -84.0 (2F). 

30 

Example 10 

(I) Synthesis of CF 3 CHFOCF 2 CF 2 S0 2 F 

35 [0344] 1 35 g of sodium carbonate and 500 ml of diglyme were mixed together to obtain a slurry. The obtained slurry 
was charged into a flask equipped with a distillation head. 400 g of a compound represented by the following formula 
(which is the same compound as that used in the step (I) of Example 1): 

40 CF 3 CF(COF)OCF 2 CF 2 S0 2 F 

was dropwise added to the slurry at room temperature, and the resultant mixture was stirred at room temperature for 
1 hour, and then at 40 °C for 1 hour, to effect a reaction, thereby obtaining a reaction mixture. 21 ml of water was added 
to the obtained reaction mixture, and the resultant mixture was heated to 100 °C to generate a vapor. The vapor was 
45 condensed and recovered as a distillate, and the distillate was washed and dried, thereby obtaining 1 76 g of a colorless 
liquid. From the 19 F-NMR spectrum of the liquid, it was confirmed that the liquid was a compound represented by the 
following formula: CF 3 CHF0CF 2 CF 2 SO 2 F. 

19 F-NMR: S(ppm) -147.9 (1F), -114.2 (2F), -86.5 (3F), -87.0, -84.6 (2F), 42.7 (1 F). 

so (||) Amidation reaction 

[0345] 25 g of a dispersion of sodium hydride in a mineral oil (sodium hydride content: 60 %) was washed with n- 
hexane under a stream of nitrogen gas to thereby remove the mineral oil and obtain a sodium hydride powder. 300 ml 
of anhydrous dimethoxyethane was added to the sodium hydride powder, and the resultant mixture was cooled to 0 
55 °c. To the resultant mixture was dropwise added a solution obtained by dissolving 38.5 g of imidazole in 200 ml of 
dimethoxyethane. The temperature of the resultant mixture was then elevated to room temperature, followed by stirring 
for 1 hour, thereby obtaining an imidazole sodium amide solution. 

[0346] The obtained solution was cooled to 0 °C, followed by dropwise addition of 1 70 g of the compound obtained 
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in the step (I) above. The temperature of the resultant mixture was elevated to room temperature, followed by stirring 
at room temperature for 12 hours, to effect a reaction, thereby obtaining a reaction mixture. A small amount of water 
was added to the obtained reaction mixture, and dimethoxyethane in the reaction mixture was distilled off under reduced 
pressure to obtain a residue. A small amount of water was added to the obtained residue, and extracted with 
HFC43-10mee to obtain an extract solution. The obtained extract solution was washed with diluted aqueous NaOH 
solution and dried. Then, the solvent was distilled off from the extract solution, and the resultant residue was subjected 
to distillation under a reduced pressure of 3.9 x 10/ 4 MPa to recover a fraction having a boiling point of from 64 to 66 
a C, thereby obtaining 1 1 2 g of a colorless liquid. From the 19 F-NMR spectrum and GC-MS of the liquid, it was confirmed 
that the liquid was a sulfonamide represented by the following formula: 



19 F-NMR: 8(ppm) -148.0 (1F), -115.5 (2F), -86.0 (3F), -84.5, -83.0 (2F). 
(Ill) Vinylation reaction (dehydrofluorination reaction) 

[0347] 1 45 ml of hexamethyldisilazane was dissolved in 500 ml of anhydrous THF to obtain a solution. The obtained 
solution was cooled to -78 °C. To the resultant solution was dropwise added 431 ml of a (1 .6 M) solution of n-BuLi in 
n-hexane under a stream of nitrogen gas, and the resultant mixture was stirred at -78 °C for 30 minutes, to obtain a 
lithium hexamethyldisilazide solution. 

[0348] The temperature of the obtained solution was elevated to 0 °C. 104.4 g of the sulfonamide obtained in the 
step (II) above was dissolved in 200 ml of THF, and the resultant solution was dropwise added to the lithium hexam- 
ethyldisilazide solution to obtain a mixture. The obtained mixture was stirred at 0 °C for 1 hour to effect a reaction, 
thereby obtaining a reaction mixture. 

[0349] A small amount of water was added to the obtained reaction mixture, and THF was distilled off from the 
reaction mixture. To the resultant residue was added small amounts of water and HFC43-10mee to obtain a mixture. 
The obtained mixture was subjected to filtration to remove insoluble, to obtain a filtrate. The organic phase of the filtrate 
was dried and the solvent was distilled off from the filtrate, to thereby obtain a residual liquid. The residual liquid was 
subjected to distillation under a reduced pressure of 3.9 x 10 -4 MPa, and a fraction having a boiling point of from 60 
to 62 °C was recovered, thereby obtaining 57.6 g of a colorless liquid. From the 19 F-NMR spectrum and GC-MS of the 
liquid, it was confirmed that the liquid was a perfluorovinyl ether represented by the following formula: 



[0350] Substantially the same procedure as in Example 1 0 was repeated, except that 96 ml of diisopropylamine was 
used instead of 145 ml of hexamethyl disilazane, namely lithium diisopropylamide was used instead of lithium di- 





19 F-NMR: 8(ppm)-137.8(1F), -123.0(1 F), -115.7(2F), -1 15.5(1 F), -84.5(2F). 



Example 11 
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hexamehyldisilazide. As a result, the same perfluorovinyl ether as obtained in Example 10 was obtained. 
Example 12 

5 [0351 ] 0.7 g of the mixture of the perfluorovinyl ether and the proton-substituted product (perfluorovinyl ether : proton- 
substituted product = 89 : 11), which mixture was obtained in Example 3, was dissolved in 10 ml of THF, to thereby 
obtain a solution. To the obtained solution was dropwise added 1.5 ml of a(1M) solution of sodium hexamethyldisilazide 
m THF under a stream of nitrogen gas at 0 °C. The temperature of the resultant mixture was elevated to room tem- 
perature, and the resultant mixture was stirred for 12 hours to effect a reaction, thereby obtaining a reaction mixture. 

w [0352] By the GC analysis of the obtained reaction mixture, it was confirmed that the proton-substituted product had 
disappeared from the obtained reaction mixture. Further, by the 19 F-NMR analysis, it has been confirmed that the 
obtained reaction mixture contained only the perfluorovinyl ether. 

Example 13 

15 

[0353] A polymerization reaction was performed in substantially the same manner as in Example 2, except that 15 
g of the perfluorovinyl ether obtained in Example 5 was used instead of 7.5 g of the perfluorovinyl ether obtained in 
Example 1 , thereby.obtaining a reaction mixture. 

[0354] Methanol was added to the reaction mixture to obtain a precipitate. The obtained precipitate was recovered, 
20 and then washed and dried to thereby obtain 1 .5 g of a white solid. 

[0355] From the 19 F-NMR spectrum of the solid, it was confirmed that the solid was a copolymer comprising a mon- 
omer unit (a sulfonamide unit) which was derived from the perfluorovinyl ether obtained in Example 5 and monomer 
unit (a TFE unit) which was derived from TFE. Further, it was also confirmed that the molar ratio of the sulfonamide 
unit to the TFE unit was 1 : 4. 

25 

Example 14 

[0356] 206 g of hexamethyldisilazane was dissolved in 700 ml of anhydrous TH F to obtain a solution. The obtained 
solution was cooled to -78 °C. To the obtained solution was dropwise added 800 ml of a (1 .6 M) solution of n-BuLi in 
30 n-hexane under a stream of nitrogen gas, and the resultant mixture was stirred at -78 °C for 30 minutes, to obtain a 
lithium hexamethyldisilazide solution. 

[0357] The temperature of the obtained solution was elevated to 0 °C. 1 70 g of the compound obtained in the step 
(I) of Example 1 0 was dropwise added to the solution to obtain a mixture. The obtained mixture was stirred at 0 °C for 
1 hour, thereby obtaining a reaction mixture. 

35 [0358] A small amount of water was added to the obtained reaction mixture, and THF was distilled off from the 
reaction mixture. A diluted hydrochloric acid was added to the resultant residual liquid to obtain an acidic solution, and 
the acidic solution was extracted with HFC43-1 Omeeto thereby obtain an extract solution. The obtained extract solution 
was dried and the solvent was distilled off from the dried extract. The resultant residue was subjected to distillation 
under a reduced pressure of 0.4 kPa, and a fraction having a boiling point of 87 °C was recovered, thereby obtaining 

40 1 1 5 g of a colorless liquid. The 19 F-NMR spectrum of the liquid was identical to the 19 F-NMR spectrum of the perfluor- 
ovinyl ether obtained in Example 8. Further, the liquid contained no proton -substituted product which was mentioned 
in Example 8. 

Example 15 

45 

[0359] A polymerization reaction was performed in substantially the same manner as in Example 2, except that 8 g 
of the perfluorovinyl ether obtained in Example 14 was used instead of 7.5 g of the perfluorovinyl ether obtained in 
Example 1 , thereby obtaining a reaction mixture. 

[0360] Methanol was added to the obtained reaction mixture, followed by removal of the solvent and the unreacted 
so monomer by distillation under reduced pressure to recover a precipitate formed by the addition of the methanol. The 
obtained precipitate was washed and dried, thereby obtaining 0.8 g of a light brown solid. 

[0361 ] From the 19 F-NMR spectrum of the solid, it was confirmed that the solid was a copolymer comprising a mon- 
omer unit (a sulfonamide unit) which was derived from the perfluorovinyl ether obtained in Example 14 and monomer 
unit (a TFE unit) which was derived from TFE. Further, it was also confirmed that the molar ratio of the sulfonamide 
55 unit to TFE unit was 1:4. 
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Example 16 

(I) Production of a terpolymer film 



[0362] 1 6 g of a monomer (hereinafter, referred to as "S0 2 F monomer") represented by the following formula: 

CF 2 ==CF— OCF2CFOCF2CF2SO2F 
CF 3 

4 g of the perfluorovinyl ether monomer obtained in Example 14, 40 g of HFC43-10mee and 0.85 g of a 5 % 
(CF 3 CF 2 CF 2 COO) 2 solution in HFC43-10mee (wherein the (CF 3 CF 2 CF 2 COO) 2 is a polymerization initiator) were in- 
troduced into a 200 ml pressure resistant vessel which was made of a stainless steel and which was equipped with a 
gas introduction pipe. The internal atmosphere of the pressure resistant vessel was fully purged with nitrogen gas 
Tetrafluoroethylene (TFE) was introduced into the pressure resistant vessel through the gas introduction pipe so that 
the internal pressure of the pressure resistant vessel was elevated to 0.3 MPa. Then, a reaction was performed at 25 
°C for 4.5 hours while stirring and appropriately introducing TFE so as to maintain the internal pressure of the pressure 
resistant vessel at 0.3 MPa. 

[0363] Thereafter, the introduction of TFE was stopped and the internal pressure of the pressure resistant vessel 
was lowered to atmospheric pressure, to obtain a reaction mixture (a white gel). Methanol was added to the obtained 
reaction mixtu re to precipitate a solid. The solid was recovered by filtration, followed by washing and subsequent dryinq 
to obtain 6.5 g of a white solid. 

[0364] From the 19 F-NMR spectrum of the solid, it was confirmed that the solid was a terpolymer comprising a mon- 
omer unit (a sulfonamide unit) derived from the perfluorovinyl ether obtained in Example 14, a monomer unit (an S0 2 F 
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unit) derived from the above-mentioned S0 2 F monomer, and a monomer unit (a TFE unit) derived from TFE. It was 
also confirmed that the ratio between sulfonamide unit, S0 2 F unit and TFE unit (sulfonamide unit : S0 2 F unit : TFE 
unit molar ratio) was 0.2 : 1 .0 : 5.3. In addition, it was confirmed that peaks (at 3391 , 3306 and 1544 cm- 1 ) ascribed to 
a sulfonamido group were observed in the IR spectrum of the solid. 

[0365] The above-mentioned terpolymer was subjected to a press molding at 270 °C, thereby obtaining a colorless 
transparent terpolymer film (film thickness: 82 urn). 



(II) Production of a solid polymer electrolyte membrane 

[0366] The terpolymer film obtained in the step (I) above was immersed in a dioxane solution of triethylamine (diox- 
ane: triethylamine = 5:3 (volume ratio)), and the terpolymer film in the solution was heated under reflux conditions for 
3 hours, followed by washing and drying (hereinafter, this treatment is referred to as a "modification treatment"), thereby 
obtaining a modified terpolymer film. 

[0367] Potassium hydroxide (KOH) was dissolved in a mixed solvent comprising dimethylsu If oxide (DMSO) and 
water to obtain a solution (KOH : DMSO : water = 3:6:11 (weight ratio)) . The modified terpolymer film obtained above 
was immersed in the solution at 90 °C for 1 hour, followed by water washing and drying. In the IR spectrum of the film, 
a peak ascribed to a bissulfonylimido group was observed at 1350 cm -1 . 

[0368] The film was immersed in 4N sulfuric acid at 90 °C for 1 hour, followed by water washing and drying, thereby 
obtaining a solid polymer electrolyte membrane. 

[0369] The solid polymer electrolyte membrane exhibited a tensile modulus of 1 .2 x 10 B dyn/cm 2 at 150 °C and a 
tensile modulus of 6.3 x 10 7 dyn/cm 2 at 300 °C. 



Example 17 



(I) Production of a terpolymer film 



[0370] A polymerization reaction was performed in substantially the same manner as in the step (I) of Example 16, 
except that the amounts of the S0 2 F monomer and perfluorovinyl ether monomer were changed to 22.1 g and 0. 1 4 g,' 
respectively, thereby obtaining 6.6 g of a white solid. 

[0371] From the 19 F-NMR spectrum of the solid, it was confirmed that the solid contained an S0 2 F unit and a TFE 
unit, and that the molar ratio of the S0 2 F unit to the TFE unit was 1 .0 : 4.5. 

[0372] In addition, from the IR spectrum of the solid, it was confirmed that the solid contained a sulfonamide unit, 
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and that the amount of the sulfonamide unit was 0.8 mol%, based on the total molar amount of the sulfonamide unit, 
S0 2 F unit and TFE unit. 

[0373] Thus, it was confirmed that the obtained solid'was a terpolymer comprising a sulfonamide unit, an S0 2 F unit 
and a TFE unit. 

[0374] The terpolymer exhibited a melt index of 3.8, as measured by using, as a sample, 11 .3 g of a terpolymer 
obtained by repeating the above-mentioned copolymerization reaction in a scale four times larger than mentioned 
above. 

[0375] The above-mentioned terpolymer was subjected to a press molding at 270 °C, thereby obtaining a colorless 
transparent terpolymer film (film thickness: 83 um). 

(II) Production of a solid polymer electrolyte membrane 

[0376] A solid polymer electrolyte membrane was produced in substantially the same manner as in the step (II) of 
Example 16, except that the terpolymer film obtained in the step (I) above was used instead of the terpolymer film 
obtained in the step (I) of Example 16. 

[0377] The solid polymer electrolyte membrane exhibited a tensile modulus of 8.6 x 10 7 dyn/cm 2 at 150 °C and a 
tensile modulus of 2.0 x 10 7 dyn/cm 2 at 300 °C. 

Comparative Example 2 

[0378] A solid polymer electrolyte membrane was produced In substantially the same manner as in the step (II) of 
Example 16, except that a binary polymer film (film thickness: 48 ujn) produced from the binary polymer (k : I = 5 : 1) 
represented by the following formula (36): 

-(CF 2 CF 2 ) k -(CF 2 CF) ( — (36) 
OCF 2 CFOCF 2 CF 2 S0 2 F 
CF 3 

was used instead of the terpolymer film obtained in the step (I) of Example 1 6, and that the binarypolymer film was not 
subjected to modification treatment. 

[0379] The obtained solid polymer electrolyte membrane exhibited a proton conduction ratio of 0.1 01 S/cm. 
[0380] The solid polymer electrolyte membrane exhibited a tensile modulus of 3.1 x 1 0 7 dyn/cm 2 at 1 50 °C. However, 
since the solid polymer electrolyte membrane was melted at about 1 80 °C, the tensile modulus thereof at 300 °C could 
not be measured. 

[0381] Further, another solid polymer electrolyte membrane was produced in substantially the same manner as in 
the step (II) of Example 16, except that the above-mentioned binarypolymer film was used instead of the terpolymer 
film obtained in the step (I) of Example 1 6. 

[0382] The obtained solid polymer electrolyte membrane exhibited a tensile modulus of 3.1 x 10 7 dyn/cm 2 at 150 
°C. However, since this solid polymer electrolyte membrane was also melted at about 180 °C, the tensile modulus 
thereof at 300 °C could not be measured. 

Comparative Example 3 

[0383] A solid polymer electrolyte membrane was produced in substantially the same manner as in the step (II) of 
Example 1 6, except that the terpolymer film was not subjected to modification treatment. 

[0384] The obtained solid polymer electrolyte membrane exhibited a tensile modulus of 3.1 x 10 7 dyn/cm 2 at 150 
°C. However, since the solid polymer electrolyte membrane was melted at about 200 °C, the tensile modulus thereof 
at 300 °C could not be measured. 

Example 18 

(I) Bromination reaction 

[0385] 54 g of a sulfonyl fluoride represented by the following formula (37): 
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CF 2 =CF— OCF 2 CFOCF 2 CF 2 S0 2 F 
CF 3 



(37) 



was dissolved in 40 ml of HFC43-10mee to obtain a solution. Bromine was dropwise added to the obtained solution 
while stirring at room temperature until the color of bromine did not disappear (1 2 g of bromine was added in total), to 
obtain a mixture. The obtained mixture was stirred at room temperature for 1 hour to effect a reaction, thereby obtaining 
a reaction mixture. 

[0386] From the obtained reaction mixture, unreacted bromine and the solvent were distilled off, and the resultant 
residue was subjected to distillation under a reduced pressure of 6.7 x 10 3 Pa, and a fraction having a boiling point 
of 11 0 °C was recovered to thereby obtain 67 g of a liquid. From the 19 F-NMR spectrum of the liquid, it was confirmed 
that the liquid was a bromine-added product represented by the following formula (38): 



19 F-NMR: 5(ppm)-146.6(1F), -114.0(2F), -87.5, -83.6(2F), -81.5(3F), -B1(2F), -73(1 F), -65.0(2F), 43 .4(1 F). 
(II) Amidation reaction 

[0387] 40 of the bromine-added product (38) obtained in the step (I) above was dissolved in 30 ml of glyme to obtain 
a solution. 20 g of diethylamine was dropwise added to the obtained solution at room temperature, and a reaction was 
performed at 50 °C for 5 hours, thereby obtaining a reaction mixture. 

[0388] The obtained reaction mixture was pored into water and extracted with HFC43-10mee to obtain an extract 
solution. The obtained extract solution was washed with diluted hydrochloric acid, and then, the solvent was then 
distilled from the extract solution, thereby obtaining 41 g of a liquid. From the 19 F-NMR spectrum of the liquid, it was 
confirmed that the liquid was a sulfonamide represented by the following formula (39): 



19 F-NMR: 5(ppm)-146.6(1F), -117.4(2F), -87, -83(2F), -81.2(3F), -80.6(2F), -72.7(1F), -64.8(2F). 
(Ill) Vinylation reaction (dehalogenation reaction) 

[0389] 40 g of the sulfonamide (39) obtained in the step (II) above was dissolved in 1 60 g of dimethylform amide to 
obtain a solution. To the obtained solution was added 6,1 g of a zinc powder (which had been washed with diluted 
hydrochloric acid, followed by drying), and a reaction was performed at 80 °C for 2.5 hours to thereby obtain a reaction 
mixture. 

[0390] The obtained reaction mixture was poured into water and extracted with HFC43-1 Omee to obtain an extract 
solution. The solvent was distilled off from the extract solution, and the resultant residue was subjected to distillation 
under a reduced pressure of 4.0 x 10 2 Pa, and a fraction having a boiling point of 1 28 °C was recovered to thereby 
obtain 15 g of a liquid. From the 19 F-NMR spectrum of the liquid, it was confirmed that the liquid was a perfluorovinyi 
ether represented by the following formula (40): 



"CF 2 Br— CFBr— OCF 2 CFOCF 2 CF 2 S0 2 F 
CF 3 



(38). 



CF 2 Br— CFBr-OCF 2 CFOCF 2 CF 2 S0 2 NEt 2 
CF 3 



(39). 
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CF 2 =CF — OCF 2 CF0CF 2 CF 2 S0 2 NEt 2 ( 40 ) . 

CF 3 

19 F-NMR: 5(ppm)-146.5(1F), -137.9(1 F), -124.1(1 F), -117.9(2F), -116.5(1 F), 86.7(2F), -81 .8(3F), -80.7(2F). 
Example 19 

[0391] 7.5 g of the perfluorovinyl ether monomer (40) obtained in Example 18 (which had been purified by redistil- 
lation), 22 g of HFC43-10mee and 2.2 g of a 5 % (CF 3 CF 2 CF 2 COO) 2 solution in HFC43-10mee (wherein the 
(CF 3 CF 2 CF 2 COO) 2 is a polymerization initiator) were introduced into a 200 ml pressure resistant vessel which was 
made of a stainless steel and which was equipped with a gas introduction pipe. The internal atmosphere of the pressure 
resistant vessel was fully purged with nitrogen gas. Tetrafluoroethylene (TFE) was introduced into the pressure resistant 
vessel through the gas introduction pipe so that the internal pressure of the pressure resistant vessel was elevated to 
0.4 MPa. Then, a reaction was performed at 25 °C for 3.5 hours while stirring and appropriately introducing TFE so 
as to maintain the internal pressure of the pressure resistant vessel at 0.4 MPa. 

[0392] Thereafter, the introduction of TFE was stopped and the internal pressure of the pressure resistant vessel 
was lowered to atmospheric pressure, to obtain a reaction mixture (a white turbid liquid). Methanol was added to the 
obtained reaction mixture to precipitate a solid. The solid was recovered by filtration, followed by washing with methanol 
and subsequent drying, to obtain 1 .2 g of a white solid. 

[0393] From the 19 F-NMR spectrum of the solid, it was confirmed that the solid was a copolymer comprising a mon- 
omer unit (a sulfonamide unit) which was derived from the perfluorovinyl ether monomer (40) obtained in Example 18, 
and a monomer unit (a TFE unit) which was derived from TFE. It was also confirmed that the molar ratio of the sulfon- 
amide unit to the TFE unit was 1 : 4. 

[0394] The above-mentioned copolymer was subjected to a press molding at 250 °C, thereby obtaining a copolymer 
film. 

Comparative Example 4 

[0395] 3 g of the sulfonyl fluoride (37) used in the step (I) of Example 18 was dissolved in 3 ml of glyme to obtain a 
solution^ g of diethylamine was dropwise added to the obtained solution at room temperature. As a result, an exo- 
thermic reaction occurred, and a reaction mixture comprising a solid (i.e., an insoluble) was obtained. 
[0396] The obtained reaction mixture was analyzed by gas chromatography (GC). The results of the analysis showed 
that the obtained reaction mixture was a complicated mixture and that the reaction mixture contained only a trace 
amount of the desired perfluorovinl ether (i.e., the perfluorovinyl ether (40) obtained in Example 18). 

Example 20 

(I) Chlorination reaction 

[0397] 1 4 g of a sulfonyl fluoride represented by the following formula: 

CF 2 =CFOCF 2 CF 2 S0 2 F 

was dissolved in 40 ml of HFC43-10mee to obtain a solution. The obtained solution was charged into a reaction vessel 
equipped with a gas introduction tube, and the solution was stirred at room temperature while introducing chlorine gas 
into the reaction vessel to thereby effect a reaction. During the reaction, the contents of the reaction vessel were 
analyzed by gas chromatography (GC), and a peak ascribed to the sulfonyl fluoride was observed. The reaction was 
continued until the peak ascribed to the sulfonyl fluoride disappeared. 

[0398] The solvent in the resultant reaction mixture was distilled off, and the remainder of the reaction mixture was 
subjected to vacuum distillation, thereby obtaining 15 g of a liquid. Since the 19 F-NMR spectrum of the liquid was in 
agreement with the data described in J. Fluorine Chem., 58, 59 (1992) (the Netherlands), it was confirmed that the 
liquid was a chlorine addition product represented by the following formula: 
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CF 2 CICFCIOCF 2 CF 2 S0 2 F. 

(II) Amidation reaction 

[0399] 13 g of the chlorine addition product obtained in the step (I) above was dissolved in 15 ml of glyme to obtain 
a solution. 7 g of diethylamine was dropwise added to the obtained solution at room temperature, and a reaction was 
performed at-50 °C for 5 hours, thereby obtaining a reaction mixture. 

[0400] The obtained reaction mixture was poured into water and extracted with HFC43-1 Omee to obtain an extract 
solution. The obtained extract solution was washed with diluted hydrochloric acid, and the solvent in the extract solution 
was then distilled off, thereby obtaining 15 g of a liquid. As a result of the 19 F-NMR and IR analyses, it was confirmed 
that the liquid was a sulfonamide represented by the following formula: 

CF 2 CICFCIOCF 2 CF 2 S0 2 N(C 2 H 5 ) 2 . 

(III) Vinylation reaction (dehalogenation reaction) 

[0401] 15 g of the sulfonamide obtained in the step (II) above was dissolved in 60 g of dimethylformamide to obtain 
a solution. A zinc powder was washed with diluted hydrochloric acid and then dried, and 3.1 g of the thus treated zinc 
powder was added to the solution obtained above, and a reaction was performed at 80 °C for 2.5 hours to thereby 
obtain a reaction mixture. 

[0402] The obtained reaction mixture was poured into water and extracted with HFC43-1 Omee to obtain an extract 
solution. The solvent in the obtained extract solution was distilled off, and the remainder of the extract solution was 
subjected to vacuum distillation under a pressure of 4.0 x 1 0 3 Pa, and a fraction having a boiling point of 1 30 °C was 
recovered, thereby obtaining 7.5 g of a liquid. From the ^F-NMR spectrum of the liquid, it was confirmed that the liquid 
was a perfluorovinyl ether represented by the following formula: 

CF 2 =CFOCF 2 CF 2 S0 2 N(C 2 H 5 ) 2 . 

19 F-NMR: 8(ppm) -137 (1 F), -124 (1F), -117.6 (2F), -116 (1F), -85.3 (2F). 
Reference Example 1 

[0403] 2.5 g of a dispersion of sodium hydride in a mineral oil (sodium hydride content: 60 %) was washed with n- 
hexane under a stream of nitrogen gas to thereby remove the mineral oil and obtain a sodium hydride powder. 30 ml 
of anhydrous dimethoxyethane was added to the obtained sodium hydride powder to obtain a mixture. The obtained 
mixture was cooled to 0 °C. 3.9 g of imidazole was dissolved in 20 ml of dimethoxyethane to obtain a solution. The 
obtained solution was dropwise added to the above-mentioned mixture. The temperature of the resultant mixture was 
elevated to room temperature, and the mixture was stirred for 1 hour, thereby obtaining an imidazole sodium amide 
solution. 

[0404] On the other hand, 1 g of a powder of the copolymer (36) used in Comparative Example 2 was dispersed in 
anhydrous dioxane to obtain a dispersion. The imidazole sodium amide solution obtained above was dropwise added 
to the dispersion at room temperature, and the resultant mixture was stirred, first at room temperature for 4 hours and 
then at 70 °C for 8 hours, to effect a reaction, thereby obtaining a reaction mixture. 

[0405] The obtained reaction mixture was subjected to filtration to recover the solid in the reaction mixture. The 
recovered solid was washed, firstly with water, secondly with dimethoxyethane, and finally with HFC43-10mee, and 
the solid was then dried. 

[0406] From a comparison between the IR spectrum of the above-mentioned copolymer (36) and the IR spectrum 
of the obtained solid, it was found that a peak ascribed to an S0 2 F group was observed in the former, but not in the 
latter. In the IR spectrum of the solid, a peak ascribed to a sulfonamide group was observed, instead of a peak ascribed 
to an S0 2 F group. From these results, it was confirmed that, in the solid, the S0 2 F groups of the copolymer (36) were 
converted into sulfonamide groups through an amidation reaction with imidazole. Hereinafter, the solid is referred to 
as "amidated copolymer". 

[0407] The amidated copolymer was subjected to a press molding at 280 °C, to obtain a copolymer film. 

[0408] From the obtained copolymer film was cut out a square sample having a size of 3 cm x 3cm. The square 

sample was immersed in 30 ml of 3N sulfuric acid at 90 °C for 1 hour, and the square sample was then washed with 
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water and dried, thereby obtaining a solid polymer electrolyte membrane. 

[0409] The IR spectrum of the obtained solid polymer electrolyte membrane was identical to the IR spectrum of the 
solid polymer electrolyte membrane obtained in Comparative Example 2. Further, in the IR spectrum of the obtained 
solid polymer electrolyte membrane, no peaks ascribed to amido groups were observed. From these results, it was 
5 confirmed that, in the obtained solid polymer electrolyte membrane, sulfonamide groups were converted into free sul- 
fonic acid groups. 

[0410] On the other hand, a binary copolymer film formed from the copolymer (36) (which was the same as used in 
Comparative-Example 2) was immersed in 30 ml of 3N sulfuric acid at 90 °C for 1 hour, followed by water washing and 
drying, in substantially the same manner as mentioned above. However, no change was observed in the S0 2 F groups 
10 of the binary copolymer film. 

Example 21 

(I) Amidation reaction 



15 
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[0411] The imidazole sodium amide solution obtained by the method described in Reference Example 1 was cooled 
to 0 °C. 10 g of the bromine addition product (38) obtained in the step (I) of Example 18 was dissolved in 20 ml of 
dimethoxyethane to. obtain a solution. The obtained solution was dropwise added to the imidazole sodium amide so- 
lution to obtain a mixture. The temperature of the obtained mixture was elevated to room temperature, and the mixture 
was stirred at room temperature for 1 2 hours to effect a reaction, thereby obtaining a reaction mixture! A small amount 
of water was added to the obtained reaction mixture, and the dimethoxyethane was distilled off under reduced pressure 
to obtain a residual liquid. A small amount of water was added to the residual liquid, and the resultant mixture was 
extracted with HFC43-10mee to obtain an extract solution. The obtained extract solution was washed with water and 
dried, and then the solvent in the extract solution was distilled off, thereby obtaining 1 1 g of a liquid. From the 19 F-NMR 
spectrum and GC-MS of the liquid, it was confirmed that the liquid was a sulfonamide represented by the followinq 
formula (41): 



CF 2 Br— CFBr— OCF2CFOCF2CF2SO2N 

CF 3 




(41). 



19 F-NMR: 5(ppm) -1 47 (1 F), -117 (2F), -87, -83 (2F), -81 (3F), -80.5 (2F), -73 (1 F), -65 (2F). 
(II) Vinylation reaction (dehalogenation reaction) 

40 [0412] 10 g of the sulfonamide (41) obtained in the step (II) above was dissolved in 40 g of dimethylformamide to 
obtain a solution. A zinc powder was washed with diluted hydrochloric acid and then dried, and 1 .5 g of the thus treated 
zinc powder was added to the solution obtained above, and a reaction was performed at 80 °C for 2.5 hours to thereby 
obtain a reaction mixture. 

[0413]' The obtained reaction mixture was poured into water and extracted with HFC43-10mee to obtain an extract 
45 solution. The solvent in the obtained extract solution was distilled off, and the remainder of the extract solution was 
subjected to vacuum distillation under a pressure of 4.0 x 10 2 Pa, and a fraction having a boiling point of from 140 to 
150 °C was recovered, thereby obtaining 6 g of a liquid. From the 19 F-NMR spectrum of the liquid, it was confirmed 
that the liquid was a perfluorovinyl ether represented by the following formula (42): 

50 

CF 2 =CF-OCF 2 CFOCF 2 CF 2 S0 2 N /Ca:: J | 

55 CF 3 (42). 

19 F-NMR: 5(ppm) -147 (1F). -138 (1F), -124 (1F), -118 (2F), -116.5 (1F), 86.5 (2F), -82 (3F), -81 (2F). 
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Example 22 

(I) Neutralization reaction 

[0414] 10.6 g of sodium carbonate and 50 ml of acetonitrile were mixed together to obtain a slurry. 51.2 g of a 
compound represented by the following formula (43): 

FC — CFOCF2CFOCF2CF2SO2F 
0 CF 3 CF 3 (43) . 



was dropwise added to the obtained slurry under a stream of nitrogen gas at room temperature. The resultant mixture 
was stirred at room temperature for 1 hour and then stirred at 40 °C for 1 hour to effect a reaction, thereby obtaining 
a reaction mixture. The obtained mixture was subjected to filtration to thereby remove a precipitate which was formed 
during the reaction. Jhen , the solvent in the reaction mixture was distilled off under reduced pressure, thereby obtaining 
53.0 g of a white solid. As a result of the NMR and IR analyses, it was confirmed that the solid was a compound 
20 represented by the following formula (44): 



NaOC— CFOCF2CFOCF2CF2SO2F 

O CF 3 CF 3 " <"> 



30 

(II) Amidation reaction 

[0415] 47.9 g of the sodium carboxylate obtained in the step (I) above was dissolved in 100 mi of anhydrous THF to 
obtain a solution. The obtained solution was cooled to 0 °G. 90 ml of a (1M) solution of sodium hexamethyldisilazide 

35 jn THF was dropwise added to the solution to thereby obtain a mixture. The temperature of the obtained mixture was 
elevated to room temperature, and the mixture was stirred at room temperature for 1 2 hours to effect a reaction, thereby 
obtaining a reaction mixture. The obtained reaction mixture was subjected to filtration to thereby remove a precipitate 
which was formed during the reaction. Then, the solvent in the reaction mixture was distilled off under reduced pressure 
to thereby obtain a residue. The residue was subjected to vacuum drying at 80 °C, thereby obtaining 55.4 g of a yellow 

40 brown solid. As a result of the NMR and I R analyses, it was confirmed that the solid was a compound having a sulfon- 
amide structure. Further, it was confirmed that the solid contained no sodium carboxylate which was the starting material 
of the above-mentioned amidation reaction. 

(III) Decarboxylation-vinylation reaction 

45 

[041 6] 50 g of the sulfonamide obtained in the step (II) above was dissolved in 200 ml of diglyme to obtain a solution. 
The obtained solution was heated at 150 °C for 1 hour under a stream of nitrogen gas to effect a reaction, thereby 
obtaining a reaction mixture. From the 19 F-NMR spectrum of the obtained reaction mixture, it was confirmed that the 
reaction mixture contained 2 different products having perfluorovinyl groups (both of which were unidentified); 

so [041 7] The solvent in the reaction mixture was distilled off under reduced pressure to obtain a residual liquid. Water 
was added to the residual liquid, and hydrochloric acid was added thereto, thereby obtaining an acidic liquid. The acidic 
liquid was extracted with HFC43-1 Omee to obtain an extract solution. The solvent in the obtained extract solution was 
distilled off under reduced pressure to thereby obtain a residual liquid. The obtained residual liquid was subjected to 
a vacuum distillation under a pressure of 1.3 x 10' 3 MPa, and a fraction having a boiling point of from 155 to 160 °C 

55 was recovered, thereby obtaining 24.5 g of a slightly yellowish liquid. From the 19 F-NMR spectrum and GC-MS of the 
liquid, it was confirmed that the liquid was a perfluorovinyl ether represented by the following formula (45): 
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CF 2 =CF— OCF 2 CFC 
CF 3 




(45), 



19 F-NMR 8(ppm) -146.5 (1 F), -137 (1F), -124 (1 F), -118.9 (2F), -116 (1F), -86.4 (2F), -81.5 (3F), -80.5 (2F). 



[041 8] 30 g of hexamethyldisilazane was added to 1 0 g of the perf luorovinyl ether (45) obtained in Example 22, and 
a reaction was performed at 1 00 °C for 2 hours, thereby obtaining a reaction mixture. The unreacted hexamethyldis- 
ilazane in the reaction mixture was distilled off to obtain a residual liquid. The residual liquid was subjected to a vacuum 
distillation under a pressure of 3.9 x 10- 4 MPa, andafraction having a boiling point of from 150 to 155 °C was recovered, 
thereby obtaining 6.2 g of a pale yellow liquid. From the 19 F-NMR spectrum and GC-MS of the liquid, it was confirmed 
that the liquid was a perfluorovinyl ether represented by the following formula (46): 



CF 2 =CF — OCF 2 CFOCF 2 CF 2 S0 2 NHSiMe 3 {A6) 
CF 3 

19 F-NMR: 8(ppm) -1 46,8 (1 F), -1 36 (1 F), -123.5 (1 F), -11 7.9 (2F), -116(1 F), -86.0 (2F), -81 .3 (3F), -80.2 (2F). 



[0419] 104 ml of hexamethyldisilazane was dissolved in 500 ml of anhydrous THF to obtain a solution. The solution 
was cooled to -78 °C. 308 ml of a (1 .6 M) solution of BuLi in n-hexane was dropwise added to the above-mentioned 
solution under a stream of nitrogen gas, and the resultant mixture was stirred at -78 °C for 30 minutes, thereby obtaining 
a lithium hexamethyldisilazide solution. 

[0420] The temperature of the obtained solution was elevated to 0 °C, and 200 g of the sulfonylfluoride (37) used in 
the step (I) of Example 1 8 was dropwise added to the solution. The resultant mixture was stirred at room temperature 
for 2 hours to effect a reaction, thereby obtaining a reaction mixture. 

[0421] A small amount of water was added to the obtained reaction mixture, and THF in the reaction mixture was 
distilled off to obtain a residual liquid. Diluted hydrochloric acid was added to the residual liquid to obtain an acidic 
liquid, and the acidic liquid was extracted with HFC43-1 Omee to thereby obtain an extract solution. The extract solution 
was dried, and the solvent in the extract solution was distilled off. The resultant residue was subjected to a vacuum 
distillation under a pressure of 0.4 kPa, and a fraction having a boiling point of 1 1 8 °C was recovered, thereby obtaining 
170 g of a perfluorovinyl ether which was the same as the perfluorovinyl ether (45) obtained in Example 22, except 
that the perfluorovinyl ether obtained in this Example 24 was a colorless liquid. 



[0422] A reaction was performed in substantially the same manner as in Example 1 9, except that 1 0 g of the per- 
fluoroviyl ether (45) obtained in Example 24 was used instead of 7.5 g of the perfluorovinyl ether (40) obtained in 
Example 18, thereby obtaining 1 .2 g of a white solid. 

[0423] From the 19 F-NMR of the solid, it was confirmed that the solid was a copolymer comprising a monomer unit 
(a sulfonamide unit) which was derived from the perfluorovinyl ether (45) and a monomer unit (a TFE unit) which was 
derived from TFE. It was also confirmed that the ratio between sulfonamide unit and TFE unit (sulfonamide unit : TFE 
unit molar ratio) was 1 : 4.5. 



Example 23 



Example 24 



Example 25 



66 



EP1 359 142 A1 



Example 26 

(I) Production of a terpolymer film 

5 [0424] 63.6 g of the sulfonyl fluoride (37) used in the step (I) of Example 1 8 (hereinafter, referred to as "S0 2 F mon- 
omer"), 3.3 g of the perfluorovinyl ether monomer (45) obtained In Example 24, 40 g of HFC43-10mee and 0.85 g of 
a 5 % (CF3CF 2 CF 2 COO) 2 solution in HFC43-10mee (wherein the (CF 3 CF 2 CF2COO)2 is a polymerization. initiator) 
were introduced into a 200 ml pressure resistant vessel which was made of a stainless steel and which was equipped 
with a gas introduction pipe. The internal atmosphere in the pressure resistant vessel was fully purged with nitrogen 

10 gas. Tetrafluoroethylene (TFE) was introduced into the pressure resistant vessel through the gas introduction pipe so 
that the internal pressure of the pressure resistant vessel was elevated to 0.3 MPa. Then, a reaction was performed 
at 23 °C for 4.5 hours while stirring and appropriately introducing TFE so as to maintain the internal pressure of the 
pressure resistant vessel at 0.3 MPa. 

[0425] Thereafter, the introduction of TFE was stopped and the internal pressure of the pressure resistant vessel 
is was lowered to atmospheric pressure, to obtain a reaction mixture (a white gel). Methanol was added to the obtained 
reaction mixture to precipitate a solid. The solid was recovered by filtration, followed by washing and subsequent drying, 
to obtain 11 .6 g of a white solid. 

[0426] From the !?F-NMR spectrum of the solid, it was confirmed that the solid was a terpolymer comprising a mon- 
omer unit (a sulfonamide units) derived from the perfluorovinyl ether monomer (45) obtained in Example 24, a monomer 

20 unit (an S0 2 F unit) derived from the above-mentioned S0 2 F monomer, and a monomer unit (a TFE unit) derived from 
the TFE. It was also confirmed that the ratio between TFE units, S0 2 F units and sulfonamide units (TFE unit : S0 2 F 
unit : sulfonamide unit molar ratio) was 4.1 : 1 .0 : 0.04. Further, in the IR spectrum of the solid, peaks (at 3391 , 3306 
and 1544 cm' 1 ) ascribed to a sulfonamido group were observed. 
[0427] The terpolymer exhibited a melt index of 7.5. 

25 [0428] The above-mentioned terpolymer was subjected to a press molding at 270 °C, thereby obtaining a colorless 
transparent-terpolymer film (film thickness: 88 p.m). 

(II) Production of a solid polymer electrolyte membrane 

30 [0429] A solid polymer electrolyte membrane was obtained in substantially the same manner as in the step (II) of 
Example 16, except that the terpolymer film obtained in the step (I) above was used instead of the terpolymer film 
obtained in the step (I) of Example 16. 

[0430] The solid polymer electrolyte membrane exhibited a tensile modulus of 4.1 x 10 7 dyn/cm 2 at 150 °C and a 
tensile modulus of 3.6 x 10 7 dyn/cm 2 at 300 °C. 

35 

Example 27 

(I) Production of a terpolymer film 

40 [0431] A polymerization reaction was performed in substantially the same manner as in the step (I) of Example 26, 
except that the amounts of S0 2 F monomer and perfluorovinyl ether monomer (45) were changed to 66.2 g and 0.67 
g, respectively, thereby obtaining 13.7 g of a white solid. 

[0432] From the 19 F-NMR spectrum of the solid, it was confirmed that the solid contained an S0 2 F unit and a TFE 
unit, and that the molar ratio of the S0 2 F units to the TFE units was 1 : 3.7. 
45 [0433] In addition, from the IR spectrum of the solid, it was confirmed that the solid contained a sulfonamide unit, 
and that the amount of the sulfonamide unit was 0.8 mol %, based on the total molar amount of the sulfonamide unit, 
S0 2 F unit and TFE unit. 

[0434] Thus, it was confirmed that the obtained solid was a terpolymer comprising the sulfonamide unit, S0 2 F unit 
and TFE unit. 

so [0435] The terpolymer exhibited a melt index of 12.3. Further, the melt index of the terpolymer was measured again 
after keeping the terpolymer in a melt indexer at 270 °C for 1 hour without applying load, and was found to be the same 
as the previously measured value (12.3). 

[0436] The above-mentioned terpolymer was subjected to a press molding at 270 °C, thereby obtaining a colorless 
transparent terpolymer film (film thickness: 82 \im). 

55 

(II) Production of a solid polymer electrolyte membrane 

[0437] A solid polymer electrolyte membrane was obtained in substantially the same manner as in the step (II) of 
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Example 16, except that the terpolymer film obtained in the step (I) above was used instead of the terpolymer film 
obtained in the step (I) of Example 16. 

[0438] The solid polymer electrolyte membrane exhibited a tensile modulus of 3.8 x 10 7 dyn/cm 2 at 150 °C and a 
tensile modulus of 1 .2 x 10 7 dyn/cm 2 at 300 °C. 

5 

Example 28 

fl) Synthesis of CF 3 CHFOCF 2 CF(CF 3 )OCF 2 CF 2 S0 2 F 

w [0439] 124 g of sodium carbonate and 200 ml of tetraglyme were mixed together to obtain a slurry. The obtained 
slurry was charged into a flask equipped with a distillation head. 600 g of a compound represented by the following 
formula: CF 3 CF(COF)OCF 2 CF(CF3)OCF 2 CF 2 S0 2 F was dropwise added to the slurry at 60 °C, and a reaction was 
performed at 60 °C for 1 hour while stirring, to thereby obtain a reaction mixture. 21 ml of water was added to the 
obtained reaction mixture and heated, first at 120 °C for 1 hour, then at 120 °C under reduced pressure, to thereby 

is generate a vapor. The vapor was condensed and recovered as a distillate. The distillate was washed with water, fol- 
lowed by distillation under pressure of 133 x 10' 4 MPa, and a fraction having a boiling point of from 82 to 83 °C was 
recovered to thereby obtaining 219 g of a colorless liquid. From the 19 F-NMR spectrum of the liquid, it was confirmed 
that the liquid was a compound represented by the following formula: 

20 

CF 3 CHFOCF 2 CF(CF 3 )OCF 2 CF 2 S0 2 F. 

19 F-NMR: 5(ppm) -148.3 (1F), -146.6 (1F), -114.4 (2F), -88.3 (1F), -86.9 (3F), -85.5 (1F), -82.4 (3F), -81.4 (2F), 
42.7 (1F). 
25 1 H-NMR:5(ppm) 6.0 (1H). 

(II) Amidation reaction 

[0440] 20.8 g of a dispersion of sodium hydride in a mineral oil (sodium hydride content: 60 %) was washed with n- 

30 hexane under a stream of nitrogen gas so as to remove the mineral oil and obtain a sodium hydride powder. 300 ml 
of anhydrous dimethoxyethane was added to the obtained sodium hydride powder, and the resultant mixture was 
cooled to 0 °C. To the resultant mixture was dropwise added a solution obtained by dissolving 32 g of imidazol in 200 
ml of dimethoxyethane. Then, the temperature of the resultant mixture was elevated to room temperature, followed by 
stirring for 1 hour, thereby obtaining an imidazol sodium amide solution. 

35 [0441 ] The above-mentioned imidazol sodium amide solution was cooled to 0 °C, and then, 21 9 g of the compound 
obtained in the step (I) above was dropwise added to the solution, to obtain a mixture. The temperature of the mixture 
was elevated to room temperature, followed by stirring at room temperature for 12 hours to effect a reaction, thereby 
obtaining a reaction mixture. A small amount of water was added to the obtained reaction mixture, and then, dimeth- 
oxyethane was distilled off from the reaction mixture under reduced pressure to thereby obtain a residual liquid. To the 

40 obtained residual liquid was added a small amount of water and extracted with HFC43-10mee to obtain an extract 
solution. The obtained extract solution was washed with a diluted aqueous NaOH solution, followed by drying. Then, 
the solvent was distilled off from the dried extract to thereby obtain a residual liquid. The obtained residual liquid was 
subjected to distillation under a reduced pressure of 3.9 x 10" 4 MPa, and a fraction having a boiling point of from 102 
to 104'°C was recovered, thereby obtaining 135 g of a colorless liquid. From the 19 F-NMR and 1 H-NMR spectra and 

45 GC-MS, it was confirmed that the solution was a sulfonamide represented-by the following formula: 



cf 3 chfocf 2 cfocf2CF2S02n(^1 (47) 

CF 3 

55 19 F-NMR: 5 (ppm) -148.3 (1F), -146.6 (1F), -115.5 (2F), -88.3 (1F), -86.9 (3F), -85.5 (1F), -82.4 (3F), -81.4 (2F). 

1 H-NMR: 5 (ppm) 7.4 (1H), 6.8 (1H), 6.5 (1H), 6.0 (1H). 
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(III) Vinylation reaction (dehydrofluorination reaction) 

[0442] 1 26 ml of hexamethyldisilazane was dissolved in 500 ml of anhydrous THF to obtain a solution. The obtained 
solution was cooled to -78 °C. To the resultant solution was dropwise added 375 ml of a (1 .6 M) solution of n-BuLi in 
5 n-hexane under a stream of nitrogen gas, to thereby obtain a mixture. The obtained mixture was stirred at -78 °C for 
30 minutes, to obtain a lithium hexamethyldisilazlde solution. 

[0443] The temperature of the obtained solution was elevated to 0 °C. To the resultant solution was added a solution 
■• obtained by dissolving 135 g of the sulfonamide obtained in the step (II) above in 300 ml of THF, to thereby obtain a 
mixture. The obtained mixture was stirred at 0 °C for 1 hour to effect a reaction, thereby obtaining a reaction mixture. 

w [0444] A small amount of water was added to the obtained reaction mixture, and THF was distilled off from the 
reaction mixture, to obtain a residue. Then, small amounts of water and HFC43-1 Omee were added to the residue to 
obtain a mixture. The obtained mixture was subjected to filtration to remove insolubles, to obtain a filtrate. The organic 
phase of the filtrate was dried and the solvent was distilled off from the filtrate, to thereby obtain a residua! liquid. The 
residual liquid was subjected to distillation under a reduced pressure of 4.0 x 1 0 2 Pa, and a fraction having a boiling 

is point of from 140 to 150 °C was recovered, thereby obtaining 79 g of a colorless liquid. From the 19 F-NMR spectrum 
and GC-MS, it was confirmed that the liquid was the same perfluorovinyl ether (42) as obtained in Example 21 . 

Comparative Example 5 

20 [0445] 30 g of a powder of the copolymer (36) used in Comparative Example 2 was immersed in 1 00 ml of HFC225ca/ 
cb at room temperature for 30 minutes. The resultant mixture was cooled to -78 °C. 0.8 g of ammonia was condensed 
and added to the mixture, followed by stirring at -78 °C for 30 minutes. Then, the temperature of the resultant mixture 
was gradually elevated to room temperature, to effect a reaction, thereby obtaining a reaction mixture. During the 
reaction, the excess ammonia was removed from the reaction system by volatilization. 

25 [0446] The obtained reaction mixture was dried by evaporation, to obtain a powdery residue. The powdery residue 
was washed twice with a 3N sulfuric acid at 80 °C, followed by further washing with heated water having a temperature 
of 80 °C, and subsequent drying, thereby obtaining a copolymer in which all S0 2 F groups have been amidated. Here- 
inafter, the obtained copolymer is referred to as "amidated copolymer". 

[0447] 10 parts by weight of the above-mentioned amidated copolymer and 90 parts by weight of the above-men- 
30 tioned copolymer (36) were mixed together, and the resultant mixture was melt-kneaded using a kneader "Labo Plas- 
tomiir (trade name; manufactured and sold by Toyo Seiki Seisaku-sho, Ltd., Japan) at a revolution rate of 100 rpm at 
270 °C for 20 minutes, thereby obtaining a composition. 

[0448] The thus obtained composition was subjected to a press molding at 270 °C, thereby obtaining a copolymer 
film (thickness: 85 u.m). However, the copolymer film was not uniform. More specifically, the copolymer film had a 

35 structure in which very small distinct particles were dispersed throughout the colorless matrix of the copolymer. 

[0449] The above-mentioned copolymer film was analyzed by microscopic infrared spectroscopy. As a result, it was 
found that, in the copolymerfilm, the above-mentioned amidated copolymer and the above-mentioned copolymer (36) 
were completely separated from each other. More specifically, the amidated copolymer was contained only in the 
above-mentioned distinct particles, and the copolymer (36) was contained only in the above-mentioned matrix. This 

40 means that the amidated copolymer had an extremely poor compatibility with the copolymer (36). 

[0450] Further, a solid polymer electrolyte membrane was obtained in substantially the same manner as in the step 
(I) of Example 1 6, except that the above-mentioned copolymer film was used instead of the terpolymer film obtained 
in the step (I) of Example 1 6. 

[0451] The obtained membrane had a tensile modulus of 3.2 x 10 7 dyn/cm 2 at 150 °C. However, the membrane 
45 was melted at 1 80 °C, and hence, it was impossible to measure the tensile modulus at 300 °C. 

Example 29 

(I) Production of a terpolymer film 

so 

[0452] 233 g of the sulfonyl fluoride (37) used in the step (I) of Example 18 (hereinafter, referred to as "S0 2 F mon- 
omer"), 4.4 g of the perfluorovinyl ether monomer obtained in Example 14, 711 g of HFC43-1 Omee and 3.7 g of a 5 % 
(CF 3 CF 2 CF 2 COO) 2 solution in HFC43-10mee (wherein the (CF 3 CF 2 CF 2 COO) 2 is a polymerization initiator) were in- 
troduced into a 1 liter pressure resistant vessel which was made of a stainless steel and which was equipped with a 
55 gas introduction pipe. The internal atmosphere in the pressure resistant vessel was fully purged with nitrogen gas. 
Tetrafluoroethylene (TFE) was introduced into the pressure resistant vessel through the gas introduction pipe so that 
the internal pressure of the pressure resistant vessel was elevated to 0.1 6. M Pa. Then, a reaction was performed at 
35 °C for 5.5 hours while stirring and appropriately introducing TFE so as to reduce the internal pressure of the pressure 
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resistant vessel gradually from 0.16 MPa to 0.1 4 MPa. Further, during the reaction, 1 .9 g of a 5 % (CF 3 CF 2 CF2COO) 2 
solution in HFC43-1 Omee was added to the pressure resistant vessel. " " 2 

[0453] Thereafter, the introduction of TFE was stopped and the internal pressure of the pressure resistant vessel 
was lowered to atmospheric pressure, to obtain a reaction mixture. From the reaction mixture, the solvent and unreacted 
monomers were distilled off, and the resultant residue was subjected to a filtration, to thereby recover the solid. The 
recovered solid was washed with HFC43-10mee, followed by drying, to obtain 50.0 g of a white solid. 
[0454] From the 19 F-NMR spectrum of the solid, it was confirmed that the solid was a terpolymer comprising a mon- 
omer unit (a sulfonamide unit) derived from the perfluorovinyl ether obtained in Example 14, a monomer unit (an S0 2 F 
units) derived from the above-mentioned S0 2 F monomer, and a monomer unit (a TFE unit) derived from TFE. It was 
also confirmed that the ratio between the TFE units, S0 2 F units and sulfonamide units (TFE unit : S0 2 F unit : sulfon- 
amide unit molar ratio) was 3.2 : 1 .0 : 0.01 9. Further, in the IR spectrum of the solid, peaks ascribed to a sulfonamide 
group were observed. 

[0455] The terpolymer exhibited a melt index of 15.9. 

[0456] The above-mentioned terpolymer was subjected to a press molding at 270 °C, thereby obtaining a colorless 
transparent terpolymer film (film thickness: 56 pjn). 

(II) Production of a solid polymer electrolyte membrane 

[0457] A solid polymer electrolyte membrane was obtained in substantially the same manner as in the step (II) of 
Example 16, except that the terpolymer film obtained in the step (I) above was used instead of the terpolymer film 
obtained in the step (I) of Example 1 6. 

[0458] With respect to the obtained solid polymer electrolyte membrane, the proton conductivity was measured, and 
found to be 0.099 S/cm. Further, the proton conductivity was also measured with respect to another solid polymer 
electrolyte membrane, which was obtained by using the terpolymer film obtained in the step (I) above in substantially 
the same manner as in the step (II) of Example 1 6, except that the terpolymer film was not subjected to the modification 
treatment. As a result, it was found that the proton conductivity of the thus obtained solid polymer electrolyte membrane 
was 0.107 S/cm. 

[0459] The solid polymer electrolyte membrane (obtained using the terpolymer film which had been subjected to the 
modification treatment) exhibited a tensile modulus of 2.9 x 10 7 dyn/cm 2 at 150°C and a tensile modulus of 2 5 x 10 7 
dyn/cm 2 at 300 °C. 

Example 30 

(I) Production of a terpolymer film 

[0460] A polymerization reaction was performed in substantially the same manner as in Example 29, except that 7. 1 
g of the perfluorovinyl ether monomer (45) obtained in Example 24 was used instead of 4.4 g of the perfluorovinyl ether 
monomer obtained in Example 1 4, thereby obtaining 45.3 g of a white solid. 

[0461] From the 19 F-NMR spectrum of the solid, it was confirmed that the solid was a terpolymer comprising a mon- 
omer unit (a sulfonamide unit) which was derived from the perfluorovinyl ether (45) obtained in Example 24, a monomer 
unit (an S0 2 F unit) which was derived from the above-mentioned S0 2 F monomer, and a monomer unit (a TFE unit) 
which was derived from TFE. It was also confirmed that the ratio between TFE unit, S0 2 F unit and sulfonamide unit 
(TFE unit : S0 2 F unit : sulfonamide unit molar ratio) was 3.4 : 1 .0 : 0.023. Further, in the IR spectrum of the solid, peaks 
ascribed to a sulfonamide group were observed. 
[0462] The terpolymer exhibited a melt index of 17.5. 

[0463] The above-mentioned terpolymer was subjected to a press molding at 270 °C. thereby obtaining a colorless 
transparent terpolymer film (film thickness: 56 p.m). 

(II) Production of a solid polymer electrolyte membrane 

[0464] A solid polymer electrolyte membrane was obtained in substantially the same manner as in the step (II) of 
Example 16 (in which the terpolymer film is subjected to the modification treatment), except that the terpolymer film 
obtained in the step (I) above was used instead of the terpolymer film obtained in the step (I) of Example 16. 
[0465] With respect to the above-mentioned solid polymer electrolyte membrane (obtained using a modified terpol- 
ymer film), the proton conductivity was measured, and found to be 0.105 S/cm. Further, the proton conductivity was 
also measured with respect to another solid polymer electrolyte membrane, which was obtained by using the above 
terpolymer film (obtained in the step (I) above) in substantially the same manner as in the step (II) of Example 16, 
except that the terpolymer film was not subjected to the modification treatment. As a result, it was found that the proton 
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conductivity of the thus obtained solid polymer electrolyte membrane was 0.091 S/cm. 

[0466] With respect to the above-mentioned solid polymer electrolyte membrane obtained using the modified terpol- 
ymer film, the solid polymer electrolyte membrane exhibited a tensile modulus of 3.0 x 1Q 7 dyn/cm 2 at 150 °C and a 
tensile modulus of 2.6 x 10 7 dyn/cm 2 at 300 °C. 

Example 31 

fj) Production of a terpolymer film . 

[0467] A polymerization reaction was performed in substantially the same manner as in the step (I) of Example 29, 
except that the amount of the perfluorovinyl ether monomer obtained in Example 14 was changed to 10.9 g, thereby 
obtaining 40.3 g of a white solid. 

[0468] From the 19 F-N MR spectrum of the solid, it was confirmed that the solid was a terpolymer comprising a mon- 
omer unit (a sulfonamide unit) which was derived from the perfluorovinyl ether monomer obtained in Example 14, a 
monomer unit (an S0 2 F unit) which was derived from the S0 2 F monomer, and a monomer unit (a TFE unit) which was 
derived from TFE. The ratio between TFE unit, S0 2 F unit and sulfonamide unit (TFE unit : S0 2 F unit : sulfonamide 
unit molar ratio) was confirmed. In addition, it was confirmed that peaks ascribed to a sulfonamide group were observed 
in the IR spectrum of trie solid. 
[0469] The terpolymer exhibited a melt index of 40.3. 

[0470] The terpolymer was subjected to a press molding at 270 °C, thereby obtaining a colorless transparent terpol- 
ymer film (film thickness: 40 urn). 

(II) Production of a solid polymer electrolyte membrane 

[0471] A solid polymer electrolyte membrane was obtained in substantially the same manner as in the step (II) of 
Example 1 6 (in which the terpolymer film is subjected to the modification treatment), except that the terpolymer film 
obtained in the step (I) above was used instead of the terpolymer film obtained in the step (I) of Example 16. 
[0472] With respect to the above-mentioned solid polymer electrolyte membrane (obtained using a modified terpol- 
ymer film), the proton conductivity was measured, and found to be 0.097 S/cm. Further, the proton conductivity was 
also measured with respect to another solid polymer electrolyte membrane, which was obtained by using the above 
terpolymer film (obtained in the step (I) above) in substantially the same manner as in the step (II) of Example 16, 
except that the terpolymer film was not subjected to the modification treatment. As a result, it was found that the proton 
conductivity of the thus obtained solid polymer electrolyte membrane is 0.104 S/cm. 

[0473] With respect to the above-mentioned solid polymer electrolyte membrane obtained using the modified terpol- 
ymer film, the solid polymer electrolyte membrane exhibited a tensile modulus of 3.3 x 10 7 dyn/cm 2 at 150 °C and a 
tensile modulus of 4.6 x 10 7 dyn/cm 2 at 300 °C. 

Example 32 

[0474] 14 parts by weight of the copolymer obtained in Example 31 and 86 parts by weight of the copolymer (37) 
used in Comparative Example 2 were mixed together, and the resultant mixture was melt-kneaded using a kneader 
"Labo Plastomiir (trade name; manufactured and sold by Toyo Seiki Seisaku^sho, Ltd., Japan) at 270 °C for 20 minutes 
at a revolution rate of 100 rpm, thereby obtaining a composition. 

[0475] The thus obtained composition was subjected to a press molding at 270 °C, thereby obtaining a uniform, 
colorless transparent copolymer film (film thickness: 56 jim). 

[0476] A solid polymer electrolyte membrane was obtained in substantially the same manner as in the step (II) of 
Example 16, except that the copolymer film obtained above was used instead of the terpolymer film obtained in the 
step (I) of Example 16. 

[0477] The obtained solid polymer electrolyte membrane exhibited a tensile modulus of 4.4 x 1 0 7 dyn/cm 2 at 150 
°C and a tensile modulus of 4.1 x 10 7 dyn/cm 2 at 300 °C. 

Comparative Example 6 

(I) Amidation reactjon 

[0478] 36.6 g of the sodium carboxylate obtained in the step (I) of Example 1 was dissolved in 100 ml of diglyme, to 
obtain a solution. The obtained solution was cooled to -50 °C. 1 7 g of ammonia was condensed and then added to the 
solution, to obtain a mixture. 
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[0479] The temperature of the obtained mixture was gradually elevated to room temperature over 7 hours while 
stirring, to effect a reaction, thereby obtaining a reaction mixture. During the reaction, excess ammonia was volatilized 
and removed from the mixture. 

[0480] The obtained reaction mixture (a white turbid liquid) was subjected to filtration to obtain a filtrate. The solvent 
in the filtrate was distilled off under reduced pressure to obtain a residue. The obtained residue was subjected to a 
vacuum drying at 60 °C, thereby obtaining 43 g of a white viscous liquid. From the 19 F-NMR spectrum of the liquid, it 
was confirmed that the liquid was a sulfonamide represented by the following formula: 

CF 3 CF(C0 2 Na)OCF 2 CF 2 S0 2 NH 2 . 

19 F-NMR: 5 (ppm) -.131.7 (1F), -122.3 (1F), -118.6 (1F), -87.5 (1F), -83.1 (3F), -74.6 (1F). 
(II) Decarboxylation reaction 

[0481] 43 g of the sulfonamide obtained in the step (I) above was dissolved in 100 ml of diglyme to obtain a solution. 
The obtained solution was heated under a stream of nitrogen gas at 150 °C for 2 hours, thereby obtaining a reaction 
mixture. From the 1 ?F-NMR spectrum of the reaction mixture, it was confirmed that the obtained reaction mixture con- 
tained a proton addition product represented by the following formula: 

CF 3 CHFOCF 2 CF 2 S0 2 NH 2 . 

19F-NMR: 5 (ppm) -146.7 (1F), -117.9 (2F), -84.7 (1F), -84.5 (3F), -82.6 (1F). 
It was also confirmed that the reaction mixture contained no perfiuorovinyl ether of the present invention represented 
by the following formula: 

CF 2 =CFOCF 2 CF 2 S0 2 NH 2 . 

INDUSTRIAL APPLICABILITY 

[0482] The perfiuorovinyl ether monomer of the present invention can be used for producing a fluorinated polymer 
which exhibits excellent properties. The fluorinated polymer can be used in various fields; for example, the fluorinated 
polymer can be advantageously used as a raw material for producing a solid polymer electrolyte. The solid polymer 
electrolyte obtained from the perfiuorovinyl ether monomer of the present invention exhibits not only excellent durability, 
but also excellent heat resistance and high proton conductivity, and, hence, the solid polymer electrolyte can be ad- 
vantageously used in a fuel cell. 



Claims 

1 . A perfiuorovinyl ether monomer represented by the following formula (1 ): 

CF 2 =CF-(OCF 2 CF) m O(CF 2 ) n S0 2 NR 1 R 2 (i) 

CF 3 

wherein: 

m is an integer of from 0 to 5; 
n is an integer of from 1 to 5; and 

each of R 1 and R 2 independently represents a hydrogen atom; a C r C 10 hydrocarbon group which is unsub- 
stituted or substituted with at least one substituent selected from the group consisting of a halogen atom, a 
hydroxyl group, an amino group, an alkoxy group, a carbonyl group, an ester group, an acid amido group, a 
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sulfonyl group and an ether group, wherein said substituted C r C 10 hydrocarbon group has up to 15 carbon 
atoms in total; or a substituted silyl group containing as a substituent at least one C r C 10 hydrocarbon group 
so as to have up to 1 0 carbon atoms in total, 

with the proviso that, when each of R 1 and R 2 is independently the unsubstituted or substituted C r C 10 hydro- 
carbon group or the substituted silyl group, R 1 and R 2 are optionally bonded together to form a divalent group, 
thereby forming a saturated or unsaturated nitrogen-containing heterocyclic ring in cooperation with a nitrogen 
atom which is bonded to R 1 and R 2 . 

The monomer according to claim 1 , wherein R 1 in formula (1) is a hydrogen atom, the unsubstituted or substituted 
c r c io hydrocarbon group or the substituted silyl group and R 2 in formula (1) is a hydrogen atom or the substituted 
silyl group. 

The monomer according to claim 1 , wherein at least one of R 1 and R 2 in formula (1) is the substituted silyl group. 
The monomer according to claim 1 , wherein at least one of R 1 and R 2 in formula (1) is a hydrogen atom. 
The monomer according to claim 1 , wherein each of R 1 and R 2 in formula (1) is a hydrogen atom. 
A method for producing the monomer of claim 1 , which comprises: 

(i) converting an acyl fluoride represented by the following formula (2): 



FC-CF-(OCF 2 CF) m O(CF 2 ) n S0 2 F 
|| | | (2) 

O CF 3 CF 3 



wherein m and n are as defined above for formula (1), 
to a carboxylate represented by the following formula (3): 



M 1 OC-CF-(OCF 2 CF) m O(CF 2 ) n S0 2 F 

|| | | (3) 

O CF 3 CF 3 

wherein: 

m and n are as defined above for formula (1); and 

M 1 is an alkali metal, an alkaline earth metal, a quaternary ammonium group or a quaternary phosphonium 
group; 

(ii) effecting an amidation reaction of the fluorosulfonyl group of said carboxylate (3) to thereby obtain a sul- 
fonamide represented by the following formula (4): 



M 1 OC-CF-(OCF 2 CF) m O(CF 2 ) n S0 2 NR 3 R 4 (4) 
O CF 3 CF 3 



wherein: 
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m and n are as defined above for formula (1); 
M 1 is as defined above for formula (3); and 

each of R 3 and R 4 independently represents a hydrogen atom; a C r C 10 hydrocarbon group which is 
unsubstituted or substituted with at least one substituent selected from the group consisting of a halogen 
atom, a hydroxyl group, an amino group, an alkoxy group, a carbonyl group, an ester group, an acid amido 
group, a sulfonyl group and an ether group, wherein said substituted C r C 10 hydrocarbon group has up 
to 15 carbon atoms in total; a substituted silyl group containing as a substituent at least one C r C 10 hy- 
drocarbon group so as to have up to 1 0 carbon atoms in total; an alkali metal; an alkaline earth metal; an 
ammonium group; or a phosphonium group, with the proviso that, when each of R 3 and R 4 is independently 
the unsubstituted or substituted (VC 10 hydrocarbon group or the substituted silyl group, R 3 and R 4 are 
optionally bonded together to form a divalent group, thereby forming a saturated or unsaturated nitrogen- 
containing heterocyclic ring in cooperation with a nitrogen atom which is bonded to R 3 and R 4 , and that 
R 3 and R 4 are not simultaneously hydrogen atoms, 

optionally followed by treatment with an alkaline compound; and 

(iii) subjecting said sulfonamido (4) to decarboxylation-vinylation, optionally followed by treatment with a protic 
compound. 

7. The method according to claim 6, wherein each m in formulae (1), (2), (3) and (4) is 0. 

8. A sulfonamide represented by the following formula (4): 



M 1 OC-CF-(OCF 2 CF) m O(CF2) n S0 2 NR 3 R 4 ^ 
O CF 3 CF 3 



wherein: 

m is an integer of from 0 to 5; 
n is an integer of from 1 to 5; 

M 1 is an alkali metal, an alkaline earth metal, a quaternary ammonium group or a quaternary phosphonium 
group; and 

each of R 3 and R 4 independently represents a hydrogen atom; a C r C 10 hydrocarbon group which is unsub- 
stituted or substituted with at least one substituent selected from the group consisting of a halogen atom, a 
hydroxyl group, an amino group, an alkoxy group, a carbonyl group, an ester group, an acid amido group, a 
sulfonyl group and an ether group, wherein said substituted C r C 10 hydrocarbon group has up to 15 carbon 
atoms in total; a substituted silyl group containing as a substituent at least one C r C 10 hydrocarbon group so 
as to have up to 10 carbon atoms in total; an alkali metal; an alkaline earth metal; an ammonium group; or a 
phosphonium group, with the proviso that, when each of R 3 and R 4 is independently the unsubstituted or 
substituted C r C 10 hydrocarbon group or the substituted silyl group, R 3 and R 4 are optionally bonded together 
to form a divalent group, thereby forming a saturated or unsaturated nitrogen-containing heterocyclic ring in 
cooperation with a nitrogen atom which is bonded to R 3 and R 4 and that R 3 and R 4 are not simultaneously 
hydrogen atoms. 

9. The sulfonamide according to claim 8, wherein m in formula (4) is 0. 

10. A method for producing the monomer of claim 1, wherein each of R 1 and R 2 in formula (1) is a hydrogen atom, or 
wherein each of R 1 and R 2 in formula (1) is independently a hydrogen atom; a C r C 10 hydrocarbon group which 
is unsubstituted or substituted with at least one substituent selected from the group consisting of a N, N-disubstituted 
amino group containing as substituents two hydrocarbon groups, an alkoxy group and an ether group, wherein 
said substituted C r C 10 hydrocarbon group has up to 15 carbon atoms in total; or the substituted silyl group, with 
the proviso that at least one of R 1 and R 2 in formula (1 ) is a C 3 -C 10 secondary or tertiary alkyl group or the substituted 
silyl group, 

said method comprising subjecting a sulfonyl fluoride represented by the following formula (5): 
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CF 2 =CF-(OCF 2 CF) m O(CF2)nS0 2 F 

I (5) 

CF 3 

wherein m and n are as defined above for formula (1 ), 
to amidation, optionally followed by treatment with a protic compound, 
10 wherein said amidation is performed by reacting said sulfonyl fluoride (5) with an amine or metal amide, 

which is represented by the following formula (6): 



M 2 NR 5 R 6 (6) 



15 



wherein: 



M 2 is a hydrogen atom, an alkali metal or an alkaline earth metal; and 

each of R 5 and R 6 independently represents a C r C 10 hydrocarbon group which is unsubstituted or substituted 
with at least one substituent selected from the group consisting of a N,N-di-substituted amino group containing 
as substituents two hydrocarbon groups, an alkoxy group and an ether group, wherein said substituted C r C 10 
hydrocarbon group has up to 15 carbon atoms in total; or a substituted silyl group containing as a substituent 
at least one C r C 10 hydrocarbon group so as to have up to 10 carbon atoms in total, with the proviso that at 
least one of R 5 and R 6 is a C 3 -C 10 secondary or tertiary alkyl group or the substituted silyl group, 

wherein R 5 and R 6 are optionally bonded together to form a divalent group, thereby forming a saturated or 
unsaturated nitrogen-containing heterocyclic ring in cooperation with a nitrogen atom which is bonded to R 5 and R 6 . 

11. A method for producing the monomer of. claim 1 , which comprises subjecting a compound represented by the 
30 following formula (7): 



20 



25 
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50 



1r>2 



CF 3 CHF-(OCF 2 QF) m O(CF 2 ) n S0 2 NR 1 R 



(7) 



CF 3 
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wherein m, n, R 1 and R 2 are as defined above for formula (1), 
to dehydrofluorination, optionally followed by treatment with a protic compound, 

wherein said dehydrofluorination is performed by contacting said compound (7) with a metal amide, which 
is represented by the following formula (8): 

M 3 NR x R y (8) 

wherein: 

M 3 is an alkali metal or an alkaline earth metal; and 

each of R x and Rv independently represents a C r C 10 hydrocarbon group which is unsubstituted or substituted 
with at least one substituent selected from the group consisting of a N,N-disubstituted amino group containing 
as substituents two hydrocarbon groups, an alkoxy group and an ether group, wherein said substituted C r C 10 
hydrocarbon group has up to 15 carbon atoms in total; or a substituted silyl group containing as a substituent 
at least one C r C 10 hydrocarbon group so as to have up to 10 carbon atoms in total, with the proviso that at 
least one of R x and Ry is a C 3 -C 10 secondary or tertiary alkyl group or the substituted silyl group, 
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wherein R x and RV are optionally bonded together to form a divalent group, thereby forming a saturated or 
unsaturated nitrogen-containing heterocyclic ring in cooperation with a nitrogen atom which is bonded to R x and Ry. 

12. A compound represented by the following formula (7): 



CF 3 CHF-(OCF 2 CF) m O(CF 2 ) n S0 2 NR 1 R 2 ■ 
CF 3 

wherein: 

m is an integer of from 0 to 5; 
n is an integer of from 1 to 5; and 

each of R 1 _and R 2 independently represents a hydrogen atom; a C r C 10 hydrocarbon group which is unsub- 
stituted or substituted with at least one substituent selected from the group consisting of a halogen atom, a 
hydroxy! group, an amino group, an alkoxy group, a carbonyl group, an ester group, an acid amido group, a 
sulfonyl group and an ether group, wherein said substituted C r C 10 hydrocarbon group has up to 15 carbon 
atoms in total; or a substituted silyl group containing as a substituent at least one C V C W hydrocarbon group 
so as to have up to 1 0 carbon atoms in total, 

with the proviso that, when each of R 1 and R 2 is independently the unsubstituted or substituted C r C 10 hydro- 
carbon group or the substituted silyl group, R 1 and R 2 are optionally bonded together to form a divalent group, 
thereby forming a saturated or unsaturated nitrogen-containing heterocyclic ring in cooperation with a nitrogen 
atom which is bonded to R 1 and R 2 . 

13. A method for producing the monomer of claim 1, which comprises subjecting a compound represented by the 
following formula (9): 



CF 2 X 1 -CFX 2 — (OCF 2 CF) m O(CF 2 ) n S0 2 NR 1 R 2 

CF 3 

wherein: 

m, n, R 1 and R 2 are as defined above for formula (1); and 

each of X 1 and X 2 is independently a chlorine atom, a bromine atom or an iodine atom, 
to dehalogenation, optionally followed by treatment with a protic compound, 

14. A compound represented by the following formula (9): 

CF 2 X 1 -CFX 2 — (OCF 2 CF) m O(CF2) n S0 2 NR 1 R 2 (9) 

CF 3 

wherein: 

m is an integer of from 0 to 5; 
n is an integer of from 1 to 5; 

each of R 1 and R 2 independently represents a hydrogen atom; a C^C^ hydrocarbon group which is unsub- 
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stituted or substituted with at least one substituent selected from the group consisting of a halogen atom, a 
hydroxyl group, an amino group, an alkoxy group, a carbonyl group, an ester group, an acid amido group! a 
sulfonyl group and an ether group, wherein said substituted C r C 10 hydrocarbon group has up to 15 carbon 
atoms in total; or a substituted silyl group containing as a substituent at least one C r C 10 hydrocarbon group 
so as to have up to 1 0 carbon atoms in total, 

with the proviso that, when each of R 1 and R 2 is independently the unsubstituted or substituted C r C 10 hydro- 
carbon group or the substituted silyl group, R 1 and R 2 are optionally bonded together to form a divalent group, 
thereby forming a saturated or unsaturated nitrogen-containing heterocyclic ring in cooperation with a nitrogen 
atom which is bonded to R 1 and R 2 ; and 

each of X 1 and X 2 is independently a chlorine atom, a bromine atom or an iodine atom, 

15. A method for producing a fluorinated polymer, which comprises subjecting a perfluorovinyl ether monomer repre- 
sented by the following formula (1 ): 



CP 2 =CF-(OCF 2 CF) m O(CF2) n S0 2 NR 1 R 2 
CF 3 

wherein: 



m is an integer of from 0 to 5; 
n is an integer of from 1 to 5; and 

each of R 1 and R 2 independently represents a hydrogen atom; a C r C 10 hydrocarbon group which is unsub- 
stituted or substituted with at least one substituent selected from the group consisting of a halogen atom, a 
hydroxyl group, an amino group, an alkoxy group, a carbonyl group, an ester group, an acid amido group, a 
sulfonyl group and an ether group, wherein said substituted C r C 10 hydrocarbon group has up to 15 carbon 
atoms in total; or a substituted silyl group containing as a substituent at least one C r C 10 hydrocarbon group 
so as to have up to 1 0 carbon atoms in total, 

with the proviso that, when each of R 1 and R 2 is independently the unsubstituted or substituted C r C 10 hydro- 
carbon group or the substituted silyl group, R 1 and R 2 are optionally bonded together to form a divalent group, 
thereby forming a saturated or unsaturated nitrogen-containing heterocyclic ring in cooperation with a nitrogen 
atom which is bonded to R 1 and R 2 , 



to homopolymerization or copolymerization with at least one comonomer having an olefinic unsaturated bond. 

16. The method according to claim 15, wherein said monomer (1) is copolymerized with a comonomer comprising 
tetrafluoroethylene. 

17. A fluorinated polymer produced by the method of claim 15 or 16. 

18. A fluorinated polymer comprising monomer units derived from at least one perfluorovinyl ether monomer repre- 
sented by the following formula (1 0): 



CF 2 =CFO(CF 2 ) p S0 2 NR a R D (10) 

50 

wherein: 



p is an integer of from 1 to 5; and 

each of R a and R b independently represents a hydrogen atom; a C r C 10 hydrocarbon group which is unsub- 
stituted or substituted with at least one substituent selected from the group consisting of a halogen atom, a 
hydroxyl group, an amino group, an alkoxy group, a carbonyl group, an ester group, an acid amido group, a 
sulfonyl group and an ether group, wherein said substituted C r C 10 hydrocarbon group has up to 15 carbon 
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atoms In total; or a substituted silyl group containing as a substituent at least one C r C 10 hydrocarbon group 
so as to have up to 10 carbon atoms in total, with the proviso that, when each of R a and R b is independently 
the unsubstituted or substituted C r C 10 hydrocarbon group or the substituted silyl group, R a and R b are op- 
tionally bonded together to form a divalent group, thereby forming a saturated or unsaturated nitrogen-con- 
5 taining heterocyclic ring in cooperation with a nitrogen atom which is bonded to R a and R b . 

19. The fluorinated polymer according to claim 18, which is a fluorinated copolymer comprising monomer units each 
derived from said monomer (1 0) and comonomer units each derived from tetrafluoroethylene. 

10 20. A method for producing a fluorinated copolymer, which comprises subjecting to copolymerization: 

(a) at least one monomer having a partially fluorinated or perfluorinated vinyl group and a group represented 
by thejollowing formula (11): 

-S0 2 NR 7 R 8 (11) 

wherein: - 

20 R 7 represents a hydrogen atom; a C 1 -C 10 hydrocarbon group which is unsubstituted or substituted with 

at least one substituent selected from the group consisting of a halogen atom, a hydroxyl group, an amino 
group, an alkoxy group, a carbonyl group, an ester group, an acid amido group, a sulfonyl group and an 
ether group, wherein said substituted C r C 10 hydrocarbon group has up to 15 carbon atoms in total; or a 
substituted silyl group containing as a substituent at least one C r C 10 hydrocarbon group so as to have 

25 up to 10 carbon atoms in total; and 

R 8 represents a hydrogen atom or the substituted silyl group; 

(b) at least one monomer having a partially fluorinated or perfluorinated vinyl group and a group represented 
by the following formula (12): 



30 



35 



40 



45 



-S0 2 X 3 (12) 

wherein X 3 represents a fluorine atom, a chlorine atom or a -OR 9 group, wherein R 9 represents the unsubsti- 
tuted or substituted C r C 10 hydrocarbon group or the substituted silyl group; and optionally 
(c) at least one monomer other than said monomers (a) and (b), which has an olefinic unsaturated bond. 

21 . The method according to claim 20, wherein said monomer (a) is a monomer represented by the following formula 
(13): 

CF 2 =CF-Rf-S0 2 NR 7 R 8 (13) 

wherein: 



R 7 and R 8 are as defined above for formula (11); and 

Rf is a single bond; a C r C 20 fluoroalkylene group represented by the following formula (14): 
so -C q X 4 2q . (14) 

wherein: 

q is an integer of from 1 to 20; and 



55 



each X 4 is independently a fluorine atom; or a monovalent substituent selected from the group consisting of 
a hydrogen atom, a chlorine atom and an alkoxy group, with the proviso that the number of said monovalent 
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substituent is 35 % or less, based on the number of X 4 ; or 

a C r C 20 oxyfluoroalkylene group represented by the following formula (15): 



-OC„X 4 



q* 2q- (15) 

wherein q and X 4 are as defined above for formula (14), 

wherein at least one single bond between two adjacent carbon atoms of said C r C 20 fluoroalkylene group 
io (14) or C r C 20 oxyfluoroalkylene group (15) is optionally substituted with at least one divalent substituent selected 

from the group consisting of an oxygen atom, a carbonyl group, a sulfonyl group, a biscarbonylimide group, a bis- 
sulfonylimide group and a carbonylsulfonylimide group, with the proviso that the number of said divalent substituent 
is 50 % orjess, based on the number q. 



22. The method according to claim 20, wherein said monomer (a) is a monomer represented by the following formula 
(16): 



CF 2 =CF-(OCF2CF) m O(CF2) n S0 2 NR 7 R 8 



| ■ - (16) 

CF 3 



25 wherein: 

m is an integer of from 0 to 5; 

n is an integer of from 1 to 5; and. 

R 7 and R 8 are as defined above for formula (11). 

30 

23. The method according to any one of claims 20 to 22, wherein said monomers (a), (b) and (c) are subjected to 
copolymerization, said monomer (c) comprising tetrafluoroethylene. 

24. A fluorinated copolymer obtained by the method of any one of claims 20 to 23. 

35 

25. A fluorinated copolymer comprising the following sulfonyl group-containing monomer units (A) and (B): 

(A) monomer units derived from at least one monomer having a partially fluorinated or perfluorinated vinyl 
group and a group represented by the following formula (11): 

40 

-S0 2 NR 7 R 8 (11) 



wherein: 

45 

R 7 represents a hydrogen atom; a C^C^ hydrocarbon group which is unsubstituted or substituted with 
at least one substituent selected from the group consisting of a halogen atom, a hydroxy! group, an amino 
group, an alkoxy group, a carbonyl group, an ester group, an acid amido group, a sulfonyl group and an 
ether group, wherein said substituted C r C 10 hydrocarbon group has up to 15 carbon atoms in total; or a 
50 substituted silyl group containing as a substituent at least one C r C 10 hydrocarbon group so as to have 

up to 10 carbon atoms in total; and 

R 8 represents a hydrogen atom or the substituted silyl group, and 

(B) monomer units derived from at least one monomer having a partially fluorinated or perfluorinated vinyl 
55 group and a group represented by the following formula (12): 
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-so 2 x 3 (12 ) 

wherein X 3 represents a fluorine atom, a chlorine atom or a -OR 9 group, wherein R 9 represents the unsubstituted 
5 or substituted C r C 10 hydrocarbon group or the substituted silyl group. 

26. The copolymer according to claim 25, which comprises said monomer units (A) and (B) and comonomer units 
each derived from tetrafluoroethylene. 

10 27. The copolymer according to claim 25 or 26, wherein the amount of said monomer unit (A) is from 0.001 to 50 mol 
%, based on the total molar amount of said monomer units (A) and (B). 

28. The copolymer according to any one of claims 25 to 27, wherein the weight of said copolymer per mole of sulfonyl 
groups in said monomer units (A) and (B), which is obtained by dividing the weight (g) of said copolymer by the 

15 total molar amount of said monomer units (A) and (B), is from 400 to 1 400 g/mol. 

29. The copolymer according to any one of claims 25 to 28, wherein each of said monomer units (A) is derived from 
a monomer represented by the following formula (13): 

20 7 8 

CF 2 =CF-Rf-S0 2 NR 7 R 8 (13) 

wherein: 

25 R 7 and R 8 are as defined above for formula (11); and 

Rf is a single bond; a C r C 20 fluoroalkylene group represented by the following formula (14): 
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50 



- C q X4 2q- (14) 

wherein: 

q is an integer of from 1 to 20; and 

each X 4 is independently a fluorine atom; or a monovalent substituent selected from the group consisting of 
a hydrogen atom, a chlorine atom and an alkoxy group, with the proviso that the number of said monovalent 
substituent is 35 % or less, based on the number of X 4 ; or 

a CyC 2Q oxyfluoroalkylene group represented by the following formula (1 5): 

■° C qX 4 2q . (15) 

wherein q and X 4 are as defined above for formula (1 4), 

wherein at least one single bond between two adjacent carbon atoms of said C r C 20 fluoroalkylene group 
(1 4) or C r C 20 oxyfluoroalkylene group (15) is optionally substituted with at least one divalent substituent selected 
from the group consisting of an oxygen atom, a carbonyl group, a sulfonyl group, a biscarbonylimide group, a 
bissulfonylimide group and a carbonylsulfonylimide group, with the proviso that the number of said divalent sub- 
stituent is 50 % or less of said integer q. 

30. The copolymer according to any one of claims 25 to 28, wherein each of said monomer units (A) is derived from 
at least one monomer represented by the following formula (16): 
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CF 2 =CF-(OCF 2 CF) m O(CF 2 ) n S0 2 NR 7 R 8 
CF 3 



wherein:- 



w m is an integer of from 0 to 5; 

n is an integer of from 1 to 5; and 

R 7 and R 8 are as defined above for formula (11). 

31. A copolymer film produced from the copolymer of any one of claims 24 to 30 or a composition comprising the 
is copolymer of any one of claims 24 to 30, 

32. A method for producing the copolymer film of claim 31 , which comprises forming the copolymer of any one of 
claims 24 to 30_or a composition comprising the copolymer of any one of claims 24 to 30 by melt processing. 

20 33. A copolymer film produced by the method of claim 32, 

34. The copolymer film according to claim 31 or 33, which is in the form of a single-layer film. 

35. A method for producing a modified copolymer film, which comprises subjecting the copolymer film of any one of 
25 claims 31 , 33 and 34 to treatment with a basic compound. 

36. A modified copolymer film produced by the method of claim 35. 



30 



37. A method for producing a solid polymer electrolyte membrane, which comprises subjecting the modified copolymer 
film of claim 36 to at least one treatment selected from the group consisting of alkali treatment and acid treatment. 

38. A solid polymer electrolyte membrane produced by the method of claim 37. 

39. A method for producing a crosslinked copolymer film, which comprises subjecting the copolymer film of any one 
35 of claims 31 , 33 and 34 to treatment with a basic compound. 

40. A crosslinked copolymer film produced by the method of claim 39. 

41. A method for producing a crosslinked solid polymer electrolyte membrane, which comprises subjecting the 
crosslinked copolymer film of claim 40 to at least one treatment selected from the group consisting of alkali treat- 
ment and acid treatment. 

42. A crosslinked solid polymer electrolyte membrane produced by the method of claim 41 . 
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